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Appendix A - Addendum 1 to TRONOX
SOW Draft Remedy Evaluation Soda Springs, Idaho

APPENDIX A - REMEDY SITE INSPECTION

Appendix A presents details pertaining to the on-site inspection of the closed ponds and
other elements of the remedy that were completed in 2001. The results of the
inspection and a photo log are also contained in this appendix. Prior to performing the

inspection of the landfill and cap, the monitoring logs were reviewed.
A1 S-XPond

The inspection of the S-X pond took place between July 17 and August 6, 2008.
Results of the inspection are summarized on Figure A-1. The entire grid was first
established and then inspection was initiated. The purpose of the inspection of the
covered S-X pond was to observe erosion, evidence of burrowing animals, evidence of
standing water and the presence of deep-tap rooted plants that could aid in the
infiltration of snow melt water through the vadose zone. The inspection was
accomplished by establishing a 50-foot by 50-foot grid over the former pond surface.
This grid was established using a compass and tape. Stakes with flagging were placed
on the outside of the pond boundaries and additional stakes were placed within the
pond limits to aid the field engineer to ensure that the field engineer stayed on the

proper grid line.

There were 17 lines established oriented east-west, starting at the south boundary of
the former pond. Points were established on each line at 50-foot intervals. Point 1 of
each line occurred on the east terminus of the line. The line that intersected each of the
points on the lines created the north-south line of the grid. The intersection of each grid
line was located using a Garmin Colorado 400t hand-held GPS. The grid was

established at the southeast corner of the pond area.

Line 1 was set up outside the pond limits on the south. A total of seventeen lines were

set up at 50 foot intervals in a northerly direction. Line 17 is outside the of the former
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pond limit on the north side of the pond. Points were established along each line at 50
foot intervals. Point 1 of each line makes up the eastern most boundary of the
inspection area. Stakes with flagging were placed at 50 foot intervals along Line 1 and
at Point 1 of each line in a northerly direction. Additional stakes with flagging were put
at each point of Lines 5, 9, 13 and 17 to ensure the correct orientation for »the field

engineer.

The latitude and longitude coordinates of each intersection of the grid lines is shown in
Table A-1. There are 8 points in line 1 and all of these points are outside the former

pond boundary. Due to the irregular shape of the former S-X pond:

e Line 2 has 5 points;
e Lines 3, 4, and 5 each have 6 points;
e Line 6 has 7 points and;

e The rémaining lines each have 8 points.

The field engineer walked each east-west line and the north-south line. The field
engineer noted any areas that could lead to infiltration of snow melt water as described
above. A photo of each area was taken and all of the photos are shown in the photo log
that is contained in this appendix. The field engineer also determined the location of
each problem area with the Garmin Colorado 400t hand-held GPS. A description of the
problem area and the location coordinates (latitude and longitude) are in the caption
beneath each photo. The photos from the S-X pond inspection have the heading S-X
Pond Photo Log.

The inspection of the uncapped S-X pond resulted in observing several areas that could
hold standing water, areas of erosion and a sink hole. The field engineer also noted

that the vegetation growing on the former S-X pond was shorter and browner than the
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same vegetation growing outside of the pond limits, suggesting that the vegetation was

stressed.

Areas on the cover that could hold standing water were located in the southern portion
of the former pond and along the inside of the former west dike of the pond. Examples
of these low lying areas are shown in Photos 2, 3, 4, 5, 7, 9, 15, 16, 18, 20, 21, 26 and

27. These areas ranged in size from a few square feet to more than 100 square feet.

One sink hole was observed within the boundaries of the former pond. The sink hole is
near the west dike of the pond in the southern portion of the pond. A number of sink
holes were previously observed near monitor well KM-8 during the RI. The sink hole
observed during the inspection is approximately 2.5 feet in diameter and 1.5 feet deep.

Photo 10 shows this sink hole.

Several areas of erosion and calcine at the ground surface were observed along the
east side of the former S-X pond. Examples of these areas are shown in Photos 14, 29,
33 and 34. This is the result of the covered west calcine deposit where the cover is thin
or absent and calcine has been exposed. Animal burrowing has also exposed calcine.
Several holes dug by burrowing animals were observed during the inspection. It did not
appear that the holes were occupied at the time of the inspection. Photos 36, 38, 40

and 41 show examples of the burrowing animal holes observed

A.2 Former Scrubber Pond

The inspection of the scrubber pond took place August 6 through August 9, 2008.
Results of the inspection are summarized on Figure A-2. The entire grid was
established prior to the inspection. The former scrubber pond was inspected to observe
signs of erosion, evidence of burrowing animals, evidence of standing water and deep-
tap rooted plants that could aid in the infiltration of snow melt water through the vadose

zone. This inspection was accomplished by establishing a 30-foot by 30-foot grid over
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the former pond surface. This grid was established using a compass and tape. Stakes
with flagging were placed on the outside of the pond boundaries and additional stakes
were placed within the pond limits to aid the field engineer to ensure that the field

engineer stayed on the proper grid line.

Twenty lines were established, oriented north-south starting at the north boundary of the
former pond. The chain-link fence along the north edge of the pond was used as the
north boundary of the inspection area. Points were established on each line at 30-foot
intervals. Point 1 of each line was on the north end of the line (chain-link fence). The
line oriented through each of the points on the lines created the east-west line of the
grid. The intersection of each grid line was located using a Garmin Colorado 400t hand-
held GPS.

The grid was set up by starting at the northwest corner of the pond area. Line 1 was set
up outside the pond limits on the west. A total of 20 lines were set up at 30 foot
intervals in an easterly direction. Line 20 is outside the of the former pond limit on the
east side of the pond. Points were established along each line at 30 foot intervals.
Point 1 of each line makes up the northern-most boundary of the inspection area.
Stakes with flagging were placed at 30-foot intervals along Line 1 and at Point 1 of each
line in an easterly direction. Additional stakes with flagging were placed at each point of
the lines at 150 foot intervals to ensure that the field engineer was walking along the

correct grid line.

The latitude and longitude coordinates of each intersection of the grid lines are shown in

Table A-2. Due to the shape of the former pond there are:

e 4 points along lines 1 through Line 4;
e 5 points along lines 5 through line 7;
e 6 points along lines 8 through line 11;

e 7 points along lines 12 through line 15;
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e 6 points along lines 16 through line 17, and;

e 5 points along lines 18 through line 20.

The field engineer walked each east-west line and the north-south line. The field
engineer noted any areas that could lead to infiltration of snow melt water as described
above. A photo of each area was taken and all of the photos are shown in the photo log
that is attached to this appendix. The field engineer also determined the location of
each problem area with the Garmin Colorado 400t hand-held GPS. A description of the
problem area and the location coordinates (latitude and longitude) are in the caption
beneath each photo. The photos from the former scrubber pond inspection have the
heading Scrubber Pond Photo Log.

The inspection of the former scrubber pond resulted in observing several areas that
could hold standing water, areas of erosion and some vegetation with deep tap roots.
The field engineer also noted that the drains from the plant and the scrubber pond area
ran through the inspection area and these areas could also promote infiltration of snow

melt water into the vadose zone.

The areas that the field engineer observed that could hold standing water were mainly
located in the western portion of the former pond basin. The drains associated with the
southern infiltration basin also ran through the western portion of the pond basin.
Photos 1, 2, 3, 4,6, 7, 8,9, 10, 11 and 12 show the areas that could contain water and

the drains oriented through the pond area.

One area of erosion was observed during the inspection. This area is located along the
southern portion of the pond area. The eastern portion of the pond area is higher in
elevation and the erosion appears to have occurred when water ran from east to west.

The erosion rill is shown in Photo 17.
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Sagebrush was observed growing in several places in the eastern portion of the pond
area. This plant has a tap root that can grow deep into the ground. This sagebrush is
shown in Photos 17 and 18.

A.3 Limestone Settling Pond Area

The inspection of the limestone settling pond area took place August 10, 2008. Results
of the inspection are summarized on Figure A-3. The entire grid was established prior
to the inspection. The purpose of the inspection of the limestone settling pond area was
to observe signs of erosion, evidence of burrowing animals, evidence of standing water
and deep-tap rooted plants that could aid in the infiltration of snow melt water through
the vadose zone. This inspection was accomplished by establishing a 50-foot by 50-
foot grid over the former pond area. This grid was established using a compass and
tape. Stakes with flagging were placed on the outside of the pond boundaries and
additional stakes were placed within the pond limits to aid the field engineer and to

ensure that the field engineer stayed on the proper grid line.

There were 11 lines established oriented north-south starting at the western boundary
of the limestone settling pond area. Points were established on each line at 50-foot
intervals. Point 1 of each line was on the north end of the line. The line oriented
through each of the points on the lines created the east-west line of the grid. The
northern boundary of the inspection area (Point 1 of each line) was the chain link fence
oriented along the north portion of the pond area. The chain link fence on the east side
of the pond area was the eastern boundary of the inspection area. The intersection of

each grid line was located using a Garmin Colorado 400t hand-held GPS.

The grid was set up by starting at the southwest corner of the pond area. Line 1 was
set up outside the pond limits on the west. A total of 11 lines were set up at 50 foot
intervals in an easterly direction. Line 11 is outside the of the former pond limit on the

east side of the pond area. Points were established along each line at 50 foot intervals.
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Point 1 of each line makes up the southernmost boundary of the inspection area.
Stakes with flagging were placed at 50 foot intervals along Line 1 and at Point 1 of each
line in an easterly direction and at Point 5 of each line. Additional stakes with flagging
were put at each point of the lines at Lines 5, 9 and 11 to ensure that the field engineer

was walking along the correct grid line.

The latitude and longitude coordinates of each intersection of the grid lines is shown in

Table A-3. The inspection area was rectangular and each line contains 5 points.

The field engineer walked each east-west line and the north-south line. The field
engineer noted any areas that could Iead to infiltration of snow melt water as described
above. A photo of each area was taken and all of the photos are shown in the photo log
that is attached to this appendix. The field engineer also determined the location of
each problem area with the Garmin Colorado 400t hand-held GPS. A description of the
problem area and the location coordinates (latitude and longitude) are in the caption
beneath each photo. The photos from the limestone settling pond area inspection have

the heading Limestone Settling Pond Photo Log.

The inspection of the limestone settling pond area resulted in observing two areas of
standing water, several areas of erosion, several areas that are un-vegetated, evidence .
of burrowing animal activity and some deep tap-rooted vegetation. The field engineer
also noted that the areas of standing water were supporting wetland vegetation

including cattails.

The two areas of standing water appear to be connected and the source of the water
feeding these areas could be the pipeline used to transport S-X raffinate from the plant
when the plant was operating, or a pipe that handled storm water from the former plant.
This could not be confirmed during the inspection. Photos 4, 5, 15 and 16 show these

areas that hold standing water.
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The areas of erosion are along the western, southern and northern portions of the area.
The area slopes to the west in most locations and to the southwest along the southern
edge of the area. The areas of erosion are shown in Photos 1, 10, 11and 18. There
are several un-vegetated areas in the inspection area that border the areas of erosion.

These un-vegetated areas are shown in Photos 7, 8, 13, 14 and 19.

The evidence of burrowing animal activity is shown in photos 2, 9 and 17. This activity

does not appear to be recent and the animals were not seen during the inspection.

The deep tap rooted vegetation observed during the inspection is a member of the

thistle family. Photo 6 shows this vegetation.

A4 On-Site Landfill

The inspection of the landfill cap took place on August 10, 2008. Results of the
inspection are summarized on Figure A-4. The entire grid was established and then the
inspection took place. The inspection of the on-site landfill was to observe the cover for
settling and erosion, evidence of burrowing animals, evidence of standing water and
deep-tap rooted plants that could aid in the infiltration of snow melt water through the
engineered cap. The logbook that contains the documentation of inspections conducted
at the on-site landfill was reviewed. The logbook contains the inspections conducted
from May 1999 to the present. The information contained in the logbook includes
measurements of the water level in the sump for most of the inspections. Some of the
inspections included information on the condition of the vegetation, condition of the soil
cover and the condition of the fence. One problem identified during the review was that
the inspections were not being conducted (or documented) at the frequency required by
the Operation and Maintenance (O&M) Plan. Another problem was that not all of the

information required by the O&M Plan was documented for each inspection.
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This inspection was accomplished by establishing a 50-foot by 50-foot grid over the
landfill cap surface. This grid was established using a compass and tape. Stakes with
flagging were placed on the outside of the landfill boundaries and additional stakes were
placed within the landfill limits to aid the field engineer to ensure that the field engineer

stayed on the proper grid line.

There were 9 lines established oriented east-west starting at the south boundary (chain
link fence) of the landfill. Points were established on each line at 50-foot intervals.
Point 1 of each line was on the east end of the line (chain link fence). The line oriented
through each of the points on the lines created the north-south line of the grid. The
intersection of each grid line was located using a Garmin Colorado 400t hand-held
GPS.

The grid was set up by starting at the southeast corner of the landfill area. Line 1 was
set up outside the landfill limits along the fence on the south. A total of 9 lines were set
up at 50 foot intervals in a northerly direction. Line 9 is outside the of the landfill limit on
the north side of the landfill area (near the north fence line). Points were established
along each line at 50 foot intervals. Point 1 of each line makes up the eastern boundary
of the inspection area and is next to the eastern fence. Stakes with flagging were
placed at 50 foot intervals along Line 1 and at Point 1 of each line in a westerly direction
and at Point 6 of each line. Additional stakes with flagging were put at each point of the
lines at Lines 3, 5 and 7 to ensure that the field engineer was walking along the correct

grid line. These additional lines were required due to slope of the landfill.

The latitude and longitude coordinates of each intersection of the grid lines is shown in

Table A-4. The inspection area was rectangular and each line contains 6 points.

The field engineer walked each east-west line and the north-south line. The field
engineer noted any areas that could lead to infiltration of snow melt water as described

above or other potential problems. A photo of each area was taken and all of the
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photos are shown in the photo log contained in this appendix. The field engineer also
determined the location of each problem area with the Garmin Colorado 400t hand-held
GPS. A description of the problem area and the location coordinates (latitude and
longitude) are in the caption beneath each photo. The photos from the on-site landfill

inspection have the heading Landfill Photo Log.

The inspection of the landfill resulted in observing several un-vegetated areas that could
lead to erosion, evidence of burrowing animal activity and some deep tap rooted
vegetation. The field engineer noted that there was no settling on the landfill cover

surface or around the sump well.

The un-vegetated areas observed during the inspection were along the south fence line

(line 1) and two areas along the west fence. Photos 1, 5, and 8 show these areas.

The evidence of burrowing animal activity is shown in photos 2, 3, 4, 6, 7, and 9. Some
of the activity appeared to be old, but one hole looked like it could have been dug this

year. However all of these holes were outside the footprint of the landfill.

There is an intrusion of alfalfa and an unidentified deep tap rooted plant on the north
side of the landfill but outside of the footprint of the landfill. Photos 10, 11 and 12 show

these plants.

A.5 Calcine Cap

The inspection of the calcine cap took place August 16 and 17, 2008. Results of the
inspection are summarized on Figure A-5. The entire grid was established prior to the
inspection. The calcine cap inspection looked for signs of erosion, evidence of
burrowing animals, evidence of standing water or settling and deep-tap rooted plants
that could aid in the infiltration of snow melt water through the engineered cap. The

logbook that contains the documentation of inspections conducted at the caicine cap
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was reviewed. The logbook contains documentation of the inspections conducted from
January 2002 to the present. Some of the inspections included information on the
condition of the vegetation, condition of the soil cover and the condition of the fence.
The inspection records from the spring of 2002 identified the erosion on the south side
of the cap that was repaired later in 2002. Inspection records for the inspections after
the repairs were completed indicate that the repairs were successful. One problem
identified during the review was that the inspections were not being conducted at the
frequency required by the Operation and Maintenance (O&M) Plan. Another problem
was that not all of the information required by the O&M Plan was documented for each

inspection.

This inspection was accomplished by establishing a 50-foot by 50-foot grid over the
capped area. This grid was established using a compass and tape. Stakes with
flagging were placed on the outside of the calcine cap boundaries and additional stakes
were placed within the capped area to aid the field engineer to ensure that the field

engineer stayed on the proper grid line.

There were 24 lines established oriented east-west starting at the south boundary of the
calcine cap area. Points were established on each line at 50-foot intervals. Point 1 of
each line was on the east end of the line. The line oriented through each of the points
on the lines created the north-south line of the grid. The intersection of each grid line

was located using a Garmin Colorado 400t hand-held GPS.

The grid was set up by starting at the southeast corner of the calcine cap area. Line 1
was set up outside the cap limits along the fence on the south. A total of 24 lines were
set up at 50 foot intervals in a northerly direction. Line 24 is outside the of the calcine
cap limit on the north side of the capped area (near the north fence line). Points were
established along each line at 50 foot intervals. Point 1 of each line makes up the

eastern boundary of the inspection area and is next to the eastern fence. Stakes with
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flagging were placed at 50 foot intervals along Line 1 and at Point 1 of each line.
Additional stakes with flagging were put at each point of the lines at Lines 5, 9, 13, 17,
21 and 24 to ensure that the field engineer was walking along the correct grid line.

These additional lines were requifed due to slope of the calcine cap.

The latitude and longitude coordinates of each intersection of the grid lines is shown in
Table A-5. The shape of the calcine cap dictated that the inspection area would not be

rectangular.

The field engineer walked each east-west line and the north-south line. The field
engineer noted any areas that could lead to infiltration of show melt water as described
above. A photo of each area was taken and all of the photos are shown in the photo log
that is attached to this appendix. The field engineer also determined the location of
each problem area with the Garmin Colorado 400t hand-held GPS. A description of the
problem area and the location coordinates (latitude and longitude) are in the caption
beneath each photo. The photos from the calcine cap inspection have the heading
Calcine Cap Photo Log.

The inspection of the calcine cap area resulted in observing several areas of erosion,
evidence of burrowing animal activity and some deep tap rooted vegetation. The field

engineer noted that no settling of the cap was observed.

There are a few areas of erosion on the south side of the cap. This area had significant
erosion following construction, but the damage was repaired and reseeded. The

evidence of ongoing erosion is shown in photos 6, 7, and 14.

Numerous holes from burrowing animal activity were observed across the entire calcine
cap. Some of this burrowing activity appears to be old, but some of the activity could
have occurred in 2008. Examples of the burrowing animal activity observed during the

inspection are shown in photos 1, 5, 10, 11, 13, 15, 16, 17 and 18.
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Intrusion of deep tap rooted vegetation was observed during the inspection. The
intruding species included members of the thistle family on the southern portion of the
cap and alfalfa on the northern portion of the cap. Photos 2, 3, 8, 9, 12, 19 and 20 show

examples of these deep tap rooted plants.
A6 MAP Ponds

The inspection of the MAP ponds area took place on September 18, 2008. Results of
the inspection are summarized on Figure A-6. The entire grid was established prior to
the inspection. The purpose of the inspection of the former MAP pond area was to
observe signs of erosion, evidence of burrowing animals, evidence of standing water
and deep-tap rooted plants that could aid in the infiltration of snow melt water through
the vadose zone. This inspection was accomplished by establishing a 50-foot by 50-
foot grid over the former pond surface. This grid was established using a compass and
tape. Stakes with flagging were placed on the outside of the pond boundaries and
additional stakes were placed within the pond limits to aid the field engineer to ensure

that the field engineer stayed on the proper grid line.

There were 4 lines established oriented east-west starting at the south boundary of the
former pond. Points were established on each line at 50-foot intervals. Point 1 of each
line was on the east end of the line. The line oriented through each of the points on the
lines created the north-south line of the grid. The intersection of each grid line was
located using a Garmin Colorado 400t hand-held GPS.

The grid was set up by starting at the southeast corner of the MAP pond area. Line 1
was set up outside the MAP pond limits to the south of the ponds and north of the plant
access road. A total of 4 lines were set up at 50-foot intervals in a northerly direction.
Line 4 is outside the of the MAP pond limit near the warehouse to the north of the

former pond area. Points were established along each line at 50 foot intervals. Point 1
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‘ of each line makes up the eastern boundary of the inspection area. Stakes with
flagging were placed at 50 foot intervals along Line 1 and at Point 1 of each line.
Additional stakes with flagging were put at each point of the lines at Lines 2 and 4 to

ensure that the field engineer was walking along the correct grid line.

The latitude and longitude coordinates of each intersection of the grid lines is shown in
Table A-6. The inspection area was roughly square with 4 lines and 4 points on each

line.

The field engineer walked each east-west line and the north-south line. The field
engineer noted any areas that could lead to infiltration of snow melt water as described
above. A photo of each area was taken and all of the photos are shown in the photo log
that is attached to this appendix. The field engineer also determined the location of
each problem area with the Garmin Colorado 400t hand-held GPS. A description of the
problem area and the location coordinates (latitude and longitude) are in the caption

beneath each photo. The photos from the MAP pond inspection have the heading MAP

‘ Pond Photo Log.

The inspection of the MAP pond area resulted in observing one area that could hold
standing water, areas of erosion and evidence of storm water run-on. The vegetation

growing on the pond area was very tall and showed no signs of stress.

The areas of erosion observed were along the north and south boundaries of the pond
area. The erosion is occurring because storm water runoff from the plant site flows
downhill onto the pond area. The areas affected by the storm water run-on and erosion

are shown in photos 1, 3,6 and 7.

One area that showed evidence of holding water is located near the western edge of the
pond area. Water that accumulates in this area could come from snow melt on the

surface and storm water run-on from the plant site. This area is shown in photos 2 and

®
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A.7 Former Vanadium Plant

The footprint of the former vanadium plant was inspected to observe signs of erosion,
evidence of burrowing animals, evidence of standing water and deep-tap rooted plants
that could aid in the infiltration of snow melt water through the vadose zone. This
inspection was accomplished by establishing a 50-foot by 50-foot grid over the former
plant footprint. This grid was established using a compass and tape. Stakes with
flagging were placed on the outside of the plant footprint and additional stakes were
placed within the plant area to aid the field engineer to ensure that the field engineer

stayed on the proper grid line.

There were 5 lines established oriented east-west starting at the south boundary of the
former pond. Points were established on each line at 50-foot intervals. Point 1 of each
line was on the west end of the line. The line oriented through each of the points on the
lines created the north-south line of the grid. The intersection of each grid line was
located using a Garmin Colorado 400t hand-held GPS.

The field engineer walked each east-west line and the north-south line. The field
engineer noted any areas that could lead to infiltration of snow meilt water as described
above. A photo of each area was taken and all of the photos are shown in the photo log
that is attached to this appendix. The field engineer also determined the location of
each problem area with the Garmin Colorado 400t hand-held GPS. A description of the
problem area and the location coordinates (latitude and longitude) are in the caption
beneath each photo. The photos from the former vanadium plant area inspection have

the heading Former Vanadium Plant Photo Log.

The inspection of the former plant are took place on August 9, 2008. The entire grid
was established and then the inspection took place. The grid was set up by starting at

the southwest corner of the former vanadium plant area. Line 1 was set up outside the
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former plant footprint along the south side of the plant area. A total of 5 lines were set
up at 50 foot intervals in a northerly direction. Line 5 is outside the of the north limit of
the former vanadium plant. Points were established along each line at 50 foot intervals.
Point 1 of each line makes up the western boundary of the inspection area. Stakes with
flagging were placed at 50 foot intervals along Line 1 and at Point 1 of each line.
Additional stakes with flagging were put at each point of the lines at Lines 3 and 5 to
ensure that the field engineer was walking along the correct grid line. The latitude and
longitude coordinates of each intersection of the grid lines is shown in Table 3-7. The

inspection area was rectangular with 5 lines and 6 points on each line.

The inspection of the former vanadium plant area resulted in observing several areas
that could hold standing water. The field engineer also noted that there were several
concrete foundations and floors that had not been covered with fine limestone.

Examples of areas of exposed concrete are shown in Figures 1, 2 and 3.

A few areas that could accumulate water were observed during the inspection. These
areas were either wet or holding water from a rain storm that occurred prior to the
inspection. The areas that were observed holding water are shown in photos 5, 6, 7
and 8.
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S-X POND POINTS

TAQA—I

TRONOX So‘JringS, Idaho

Point 1 Point 2 Point 3 Point 4 Point 5
Line Latitude Longitude | Latitude Longitude | Latitude Longitude | Latitude Longitude | latitude Longitude
1 42°41.113 111°34.693 [ 42°41.113 111°34.704 | 42°41.113 111°34.717 | 42°41.113 111°34.727 | 42°41.112 111°34.738
2 42°41.123 111°34.693 | 42°41.120 111°34.708 | 42°41.119 111°34.715|42°41.125 111°34.729|42°41.118 111°34.737
3 42°41.126 111°34.693 | 42°41.129 111°34.703 | 42°41.128 111°34.712|42°41.131 111°34.726 | 42°41.131 111°34.740
4 42°41.136 111°34.691 | 42°41.136 111°34.703 | 42°41.137 111°34.714 | 42°41.139 111°34.726|42°41.139 111°34.736
5 42°41.146 111°34.692 | 42°41.147 111°34.702 | 42°41.146 111°34.715 | 42°41.145 111°34.724 | 42°41.144 111°34.734
6 42°41.152 111°34.690( 42°41.151 111°34.702|42°41.151 111°34.711|42°41.150 111°34.723 |42°41.149 111°34.737
7 42°41.161 111°34.689 [ 42°41.158 111°34.701 | 42°41.159 111°34.711 | 42°41.158 111°34.723|42°41.161 111°34.732
8 42°41.170 111°34.690(42°41.169 111°34.699 | 42°41.170 111°34.710(42°41.171 111°34.723|42°41.171 111°34.732
9 42°41.178 111°34.686 | 42°41.176 111°34.698 | 42°41.177 111°34.709 | 42°41.177 111°34.720 | 42°41.178 111°34.729
10 42°41.184 111°34.685 (42°41.184 111°34.696.| 42°41.184 111°34.706 | 42°41.183 111°34.718 | 42°41.183 111°34.727
11 42°41.194 111°34.685|42°41.193 111°34.695|42°41.192 111°34.707 | 42°41.190 111°34.719( 42°41.189 111°34.728
12 42°41.199 111°34.686 | 42°41.197 111°34.693 | 42°41.197 111°34.707 | 42°41.199 111°34.717 | 42°41.197 111°34.729
13 42°41.210 111°34.686 | 42°41.207 111°34.197 | 42°41.206 111°34.704 | 42°41.205 111°34.715 [ 42°41.205 111°34.726
14 42°41.215 111°34.684 |1 42°41.217 111°34.693 | 42°41.220 111°34.704 | 42°41.217 111°34.715 | 42°41.216 111°34.725
15 42°41.224 111°34.685|42°41.224 111°34.694 | 42°41.224 111°34.707 | 42°41.226 111°34.717 | 42°41.226 111°34.728
16 42°41.233 111°34.683 | 42°41.230 111°34.693 | 42°41.229 111°34.703 | 42°41.229 111°34.714 | 42°41.230 111°34.724
17 42°41.242 111°34.678 |42°41.241 111°34.689 | 42°41.241 111°34.705 | 42°41.243 111°34.714 | 42°41.244 111°34.726
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App‘ A - Draft Remedy Evaluation

TAB!! A-1

S-X POND POINTS (cont.)

Point 6 Point 7 Point 8

Line Latitude Longitude | Latitude Longitude | Latitude Longitude
1 42°41.112 111°34.748 1 42°41.112 111°34.761 | 42°41.112 111°34.772
2
3 42°41.128 111°34.746
4 42°41.138 111°34.746
5 42°41.144 111°34.744
6 42°41.147 111°34.743 {42°41.144 111°34.756
7 42°41.162 111°34.743 | 42°41.161 111°34.754 | 42°41.164 111°34.764
8 42°41.172 111°34.745(42°41.172 111°34.755|42°41.171 111°34.761
9 42°41.178 111°34.740 | 42°41.178 111°34.751 | 42°41.178 111°34.758
10 42°41.182 111°34.743 | 42°41.182 111°34.748142°41.182 111°34.761
11 42°41.188 111°34.738 | 42°41.188 111°34.750 | 42°41.188 111°34.759
12 42°41.198 111°34.735}142°41.197 111°34.745| 42°41.196 111°34.758
13 42°41.205 111°34.7351{42°41.205 111°34.749 | 42°41.206 111°34.755
14 42°41.215 111°34.735{42°41.215 111°34.742 | 42°41.214 111°34.756
15 42°41.225 111°34.736 ( 42°41.226 111°34.741 [ 42°41.228 111°34.751
16 42°41.230 111°34.731{42°41.231 111°34.739 | 42°41.231 111°34.751 |
17 42°41.244 111°34.733 | 42°41.244 111°34.742(42°41.244 111°34.748
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Appe.A - Draft Remedy Evaluation 9 TRONOX Soda Sprin'aho
TABLE A-2
SCRUBBER POND POINTS
Point 1 Point 2 Point 3 Point 4 Point 5

Line Latitude Longitude | Latitude Longitude | Latitude Longitude | Latitude Longitude | Latitude Longitude
1 42°41.131 111°34.417 { 42°41.127 111°34.416 | 42°41.124 111°34.414 } 42°41.117 111°34.414

2 42°41.131 111°34.411 ( 42°41.130 111°34.408 | 42°41.128 111°34.408 | 42°41.122 111°34.408

3 42°41.133 111°34.400 | 42°41.132 111°34.400 | 42°41.125 111°34.401 | 42°41.122 111°34.401

4 42°41.134 111°34.396 | 42°41.131 111°34.396 | 42°41.124 111°34.396 | 42°41.120 111°34.397|{42°41.113 111°34.397
5 42°41.134 111°34.390 | 42°41.129 111°34.388 | 42°41.127 111°34.388 | 42°41.123 111°34.389|42°41.115 111°34.388
6 42°41.133 111°34.384142°41.130 111°34.381(42°41.129 111°34.382142°41.122 111°34.383 | 42°41.117 111°34.383
7 42°41.,133 111°34.376 | 42°41.131 111°34.377 (42°41.131 111°34.377 | 42°41.124 111°34.376 | 42°41.116 111°34.377
8 42°41.136 111°34.37142°41.131 111°34.371(42°41.128 111°34.372|42°41.124 111°34.373{42°41.117 111°34.373
9 42°41.136 111°34.362 | 42°41.132 111°34.363 | 42°41.128 111°34.363 | 42°41.124 111°34.363 | 42°41.117 111°34.363
10 42°41.137 111°34.357 142°41.133 111°34.356 | 42°41.132 111°34.356 | 42°41.124 111°34.354 | 42°41.118 111°34.354
11 42°41.139 111°34.351 ( 42°41.134 111°34.349 | 42°41.128 111°34.349|42°41.124 111°34.349|42°41.119 111°34.349
12 42°41.138 111°34.344 1 42°41.134 111°34.342 } 42°41.130 111°34.343 | 42°41.127 111°34.344 | 42°41.121 111°34.344
13 42°41.139 111°34.338 | 42°41.136 111°34.337 42°41.131 111°34.338 | 42°41.126 111°34.339(42°41.123 111°34.338
14 42°41.137 111°34.331142°41.137 111°34.331|42°41.136 111°34.33042°41.129 111°34.331(42°41.119 111°34.333
15 42°41.135 111°34.325(42°41.134 111°34.325(42°41.128 111°34.324 {42°41.122 111°34.326 42"41.119 111°34.325
16 42°41.131 111°34.319 | 42°41.126 111°34.318 | 42°41.120 111°34.318 | 42°41.114 111°34.320|42°41.112 111°34.319
17 42°43.126 111°34.314 | 42°41.127 111°34.312(42°41.124 111°34.312142°41.117 111°34.313 | 42°41.113 111°34.313
18 42°41.127 111°34.306 | 42°41.123 111°34.306 | 42°41.117 111°34.306 | 42°41.113 111°34.305 | 42°41.108 111°34.305
19 42°41.128 111°34.299 | 42°41.124 111°34.298 | 42°41.118 111°34.298 | 42°41.112 111°34.297 { 42°41.108 111°34.298
20 42°41.120 111°34.294 | 42°41.120 111°34.292 { 42°41.114 111°34.290 | 42°41.108 111°34.292 | 42°41.106 111°34.291
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App. A - Draft Remedy Evaluation

SCRUBBER POND POINTS (cont.)

TA!A-Z

Point 6 Point 7

Line Latitude Longitude | Latitude Longitude
1

2

3

4 42°41.111 111°34.396

5

6

7

8 42°41.116 111°34.373

9 42°41.114 111°34.363

10 42°41.115 111°34.354

11 42°41.115 111°34.350

12 42°41.114 111°34.345|42°41.109 111°34.344
13 42°41.118 111°34.339|42°41.112 111°34.339
14 42°41.117 111°34.333 |42°41.111 111°34.333
15 42°41.113 111°34.325142°41.108 111°34.326
16 42°41.106 111°34.318

17 42°41.107 111°34.312

18

19

20

Page 2 of 2

TRONOX Soda S;‘s, Idaho



App‘ A - Draft Remedy Evaluation

T,& A-3

LIMESTONE SETTLING PONDS

TRONOX Soda s;.s, Idaho

Line

Point 1

Point 2

Point 3

Point 4

Point 5

Latitude

Longitude

Latitude

Longitude

Latitude

Longitude

Latitude

Longitude

Latitude

Longitude

O 00N OV B W N

[axy
o

[
[

42°41.133
42°41.131
42°41.132
42°41.133
42°41.132
42°41.129
42°41.130
42°41.130
42°41.131
42°41.130
42°41.131

111°34.649
111°34.639
111°34.628
111°34.617
111°34.608
111°34.595
111°34.582
111°34.572
111°34.563
111°34.550
111°34.537

42°41.139
42°41.141
42°41.139
42°41.139
42°41.139
42°41.138
42°41.139
42°41.138
42°41.139
42°41.138
42°41.136

111°34.649
111°34.639
111°34.627
111°34.617
111°34.606
111°34.594
111°34.583
111°34.571
111°34.560
111°34.550
111°34.537

42°41.148
42°41.147
42°41.149
42°41.146
42°41.147
42°41.146
42°41.146
42°41.146
42°41.147
42°41.146
42°41.144

111°34.649
111°34.639
111°34.627
111°34.616
111°34.605
111°34.593
111°34.583
111°34.571
111°34.559
111°34.548
111°34.536

42°41.158
42°41.156
42°41.157
42°41.155
42°41.156
42°41.154
42°41.156
42°41.155
42°41.155
42°41.153
42°41.152

111°34.648
111°34.637
111°34.626
111°34.615
111°34.604
111°34.594

111°34.581

111°34.568
111°34.559
111°34.549
111°34.536

42°41.165
42°41.164
42°41.163
42°41.164
42°41.163
42°41.162
42°41.163
42°41.162
42°41.161
42°41.162
42°41.160

111°34.648
111°34.637
111°34.625
111°34.613
111°34.601
111°34.591
111°34.579
111°34.570
111°34.558
111°34.549
111°34.535
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X B

TA!LE A-4

LANDFILL POINTS

Point 1

Point 2

Point 3

Point 4

Point 5

Point 6

Line

Latitude

Longitude

Latitude

Longitude

Latitude

Longitude

Latitude

Longitude

Latitude

Longitude

Latitude

Longitude

-

OO ~NOU s WN

42°41.325
42°41.333
42°41.342
42°41.350
42°41.359
42°41.366
42°41.375
42°41.383
42°41.392

111°34.473
111°34.473
111°34.472
111°34.470
111°34.470
111°34.470
111°34.468
111°34.468
111°34.467

42°41.326
42°41.333
42°41.344
42°41.351
42°41.359
42°41.366
42°41.375
42°41.382
42°41.391

111°34.485
111°34.482
111°34.482
111°34.480
111°34.481
111°34.478
111°34.480
111°34.475
111°34.479

42°41.328
42°41.333
42°41.344
42°41.352
42°41.360
42°41.367
42°41.375
42°41.381
42°41.392

111°34.496
111°34.493
111°34.494
111°34.492
111°34.492
111°34.490
111°34.492
111°34.848
111°34.489

42°41.328
42°41.334
42°41.345
42°41.351
42°41.361
42°41.366
42°41.374
42°41.381
42°41.392

111°34.508
111°34.508
111°34.504
111°34.504
111°34.503
111°34.503
111°34.503
111°34.503
111°34.501

42°41.329
42°41.335
42°41.345
42°41.352
42°41.361
42°41.367
42°41.376
42°41.381
42°41.391

111°34.519
111°34.520
111°34.516
111°34.515
111°34.514
111°34.514
111°34.513
111°34.513
111°34.513

42°41.328
42°41.335
42°41.345
42°41.352
42°41.361
42°41.367
42°41.375
42°41.380
42°41.392

111°34.525
111°34.525
111°34.525
111°34.524
111°34.524
111°34.523
111°34.523
111°34.523
111°34.523




App' A - Draft Remedy Evaluation

TAB L’S

CALCINE CAP POINTS

TRONOX Sod.ings, Idaho

Point 1 Point 2 _Point 3 Point 4 Point 5
Line Latitude Longitude | Latitude Longitude | Latitude Longitude | Latitude Longitude | Latitude Longitude
1 42°41.121 111°34.167 | 42°41.120 111°34.180 | 42°41.119 111°34.189|42°41.120 111°34.200 | 42°41.120 111°34.211
2 42°41.128 111°34.166 | 42°41.127 111°34.177 | 42°41.128 111°34.188 142°41.126 111°34.200 | 42°41.125 111°34.212
3 42°41.133 111°34.163 | 42°41.136 111°34.175]42°41.137 111°34.188 | 42°41.137 111°34.188 | 42°41.136 111°34.209
4 42°41.144 111°34.163 { 42°41.143 111°34.175 ( 42°41.144 111"34.186 42°41.143 111°34.197 | 42°41.144 111°34.209
5 42°41.154 111°34.162 | 42°41.152 111°34.175 | 42°41.154 111°34.186 | 42°41.153 111°34.196 | 42°41.154 111°34.208
6 42°41.160 111°34.162 | 42°41.159 111°34.174 | 42°41.158 111°34.185]42°41.158 111°34.199 | 42°41.160 111°34.217
7 42°41.167 111°34.160]42°41.168 111°34.174 |42°41.168 111°34.184 | 42°41.168 111°34.194 | 42°41.167 111°34.206
8 42°41.177 111°34.160 | 42°41.176 111°34.172 | 42°41.175 111°34.182 | 42°41.177 111°34.196 | 42°41.177 111°34.206
9 42°41.185 111°34.159 | 42°41.185 111°34.173 | 42°41.185 111°34.184 | 42°41.188 111°34.195 | 42°41.187 111°34.206
10 42°41.193 111°34.158 | 42°41.193 111°34.173 1 42°41.194 111°34.182 | 42°41.193 111°34.194 | 42°41.195 111°34.205
11 42°41.200 111°34.157 |42°41.200 111°34.172 | 42°41.202 111°34.184 | 42°41.203 111°34.196 | 42°41.203 111°34.206
12 42°41.209 111°34.157142°41.211 111°34.170} 42°41.210 111°34.180)42°41.212 111°34.193 | 42°41.212 111°34.205
13 42°41.216 111°34.158 | 42°41.218 111°34.172 }{ 42°41.219 111°34.182 |42°41.220 111°34.193|42°41.221 111°34.203
14 42°41.226 111°34.157 | 42°41.227 111°34.170 | 42°41.228 111°34.179|42°41.229 111°34.191 | 42°41.229 111°34.204
15 42°41.234 111°34.156 | 42°41.233 111°34.170 ( 42°41.236 111°34.180 ( 42°41.237 111°34.192 | 42°41.237 111°34.203
16 42°41.243 111°34.155 | 42°41.244 111°34.171(42°41.245 111°34.182 | 42°41.245 111°34.194 | 42°41.246 111°34.205
17 42°41.251 111°34.155|42°41.252 111°34.169 | 42°41.252 111°34.181 | 42°41.254 111°34.192 | 42°41.254 111°34.202
18 42°41.261 111°34.155|42°41.260 111°34.17042°41.261 111°34.180142°41.261 111°34.191 | 42°41.265 111°34.202
19 42°41.267 111°34.155|42°41.267 111°34.168 [ 42°41.269 111°34.179 [ 42°41.269 111°34.189 | 42°41.272 111°34.201
20 42°41.279 111°34.166 | 42°41.278 111°34.180 | 42°41.279 111°34.189|42°41.279 111°34.200
21 42°41.286 111°34.168 | 42°41.285 111°34.178 [ 42°41.286 111°34.189 | 42°41.288 111°34.200
22 42°41.292 111°34.171)42°41.294 111°34.180( 42°41.293 111°34.189|42°41.296 111°34.201
23 42°41.301 111°34.169 | 42°41.302 111°34.178 | 42°41.303 111°34.188 | 42°41.304 111°34.199
24 42°41.308 111°34.178 1 42°41.310 111°34.189 | 42°41.311 111°34.199
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App' A - Draft Remedy Evaluation TRONOX Sod'ngs, Idaho

TAB LQS

CALCINE CAP POINTS (cont.)

Point 6 Point 7 Point 8 Point 9 Point 10
Line Latitude Longitude | Latitude Longitude | Latitude Longitude | Latitude Longitude | latitude Longitude
1 42°41.118 111°34.222 ( 42°41.117 111°34.233 | 42°41.116 111°34.245|42°41.115 111°34.255]42°41.117 111°34.266
2 42°41.127 111°34.221142°41.127 111°34.232)42°41.127 111°34.243 | 42°41.127 111°34.254 [ 42°41.125 111°34.264
3 42°41.138 111°34.22042°41.136 111°34.231142°41.137 111°34.243 | 42°41.137 111°34.253 | 42°41.136 111°34.265
4 42°41.144 111°34.219{42°41.143 111°34.231]42°41.144 111°34.241 | 42°41.143 111°34.252 | 42°41.144 111°34.263
5 42°41.153 111°34.218 [ 42°41.152 111°34.230|42°41.152 111°34.242 | 42°41.151 111°34.264 | 42°41.151 111°34.264
6 42°41.160 111°34.218 | 42°41.158 111°34.231 | 42°41.157 111°34.241 | 42°41.155 111°34.253 {42°41.157 111°34.264
7 42°41.169 111°34.217142°41.167 111°34.229 ] 42°41.167 111°34.239|42°41.166 111°34.252 | 42°41.166 111°34.263
8 42°41.177 111°34.218 1 42°41.177 111°34.227 ( 42°41.176 111°34.241 | 42°41.176 111°34.259 | 42°41.175 111°34.262
9 42°41.189 111°34.217 | 42°41.188 111°34.228 | 42°41.188 111°34.240 | 42°41.188 111°34.250 | 42°41.188 111°34.260
10 42°41.196 111°34.217 | 42°41.197 111°34.227 ( 42°41.198 111°34.238 | 42°41.198 111°34.249 | 42°41.198 111°34.260
11 42°41.203 111°34.214 | 42°41.205 111°34.225(42°41.206 111°34.238 | 42°41.206 111°34.250|42°41.206 111°34.262
12 42°41.213 111°34.217 | 42°41.214 111°34.227 | 42°41.215 111°34.235|42°41.215 111°34.246 | 42°41.216 111°34.259
13 42°41.220 111°34.216 | 42°41.221 111°34.227 | 42°41.221 111°34.240 | 42°41.223 111°34.250| 42°41.223 111°34.261
14 42°41.230 111°34.216 | 42°41.229 111°34.225142°41.230 111°34.234 | 42°41.232 111°34.247 | 42°41.232 111°34.258
15 42°41,239 111°34.214 | 42°41.240 111°34.225|42°41.240 111°34.225|42°41.240 111°34.248 {42°41.240 111°34.260
16 42°41.247 111°34.214 (42°41.247 111°34.224 | 42°41.249 111°34.238 | 42°41.249 111°34.248 | 42°41.249 111°34.259
17 42°41.254 111°34.214 | 42°41.255 111°34.224 | 42°41.255 111°34.237 | 42°41.257 111°34.246 | 42°41.257 111°34.257
18 42°41.265 111°34.214 | 42°41.264 111°34.227 | 42°41.264 111°34.236|42°41.264 111°34.249|42°41.264 111°34.260
19 42°41.272 111°34.213 | 42°41.273 111°34.223 | 42°41.272 111°34.235|42°41.272 111°34.248 | 42°41.274 111°34.257
20 42°41.279 111°34.211 | 42°41.281 111°34.222 {42°41.280 111°34.233|42°41.283 111°34.245|42°41.283 111°34.259
21 42°41.288 111°34.212|42°41.289 111°34.221{42°41.289 111°34.233]42°41.291 111°34.245 | 42°41.292 111°34.254
22 42°41.296 111°34.211}42°41.297 111°34.221{42°41.297 111°34.234 | 42°41.298 111°34.243 | 42°41.299 111°34.255
23 42°41.304 '111°34.210(42°41.305 111°34.221|42°41.304 111°34.234|42°41.306 111°34.242 { 42°41.307 111°34.254
24 42°41.311 111°34.211 | 42°41.311 111°34.221 | 42°41.312 111°34.232 | 42°41.311 111°34.241 | 42°41.315 111°34.254
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TABLE l-S

CALCINE CAP POINTS (cont.)

Appe.A - Draft Remedy Evaluation TRONOX Soda.ngs, ldaho

Point 11 Point 12 Point 13 Point 14 Point 15

Line Latitude Longitude | Latitude Longitude | Latitude Longitude | Latitude Longitude | Latitude Longitude
1
2 42°41.127 111°34.277
3 42°41.135 111°34.277 | 42°41.136 111°34.287 | 42°41.136 111°34.297 | 42°41.136 111°34.309 | 42°41.136 111°34.320
4 42°41.142 111°34.275142°41.143 111°34.285 [ 42°41.142 111°34.297 { 42°41.143 111°34.308 | 42°41.142 111°34.339
5 42°41.151 111°34.274 | 42°41,152 111°34.285 | 42°41.152 111°34.297 | 42°41.151 111°34.308 | 42°41.150 111°34.320
6 42°41.156 111°34.276 | 42°41.156 111°34.286 | 42°41.155 111°34.297 | 42°41.156 111°34.308 | 42°41.156 111°34.318
7 42°41.166 111°34.272 [ 42°41.167 111°34.284 | 42°41.166 111°34.256 | 42°41.166 111°34.367 | 42°41.164 111°34.317
8 42°41.175 111°34.272 (42°41.177 111°34.286|42°41.175 111°34.297 | 42°41.177 111°34.306 | 42°41.177 111°34.317
9 42°41.188 111°34.272 {42°41,189 111°34.284 |42°41.191 111°34.295|42°41.189 111°34.306 | 42°41.192 111°34.316
10 42°41.199 111°34.271(42°41.200 111°34.282|42°41.200 111°34.293|42°41.201 111°34.305]42°41.201 111°34.316
11 42°41.207 111°34.272 [ 42°41.208 111°34.282 ] 42°41.210 111°34.291|42°41.211 111°34.304 | 42°41.210 111°34.314
12 42°41.217 111°34.270{42°41.215 111°34.283 ( 42°41.218 111°34.294 | 42°41.221 111°34.305 | 42°41.221 111°34.316
13 42°41.223 111°34.272 { 42°41.225 111°34.293 [ 42°41.225 111°34.293 {42°41.225 111°34.305(42°41.226 111°34.316
14 42°41.232 111°34.270|42°41.233 111°34.281 | 42°41.232 111°34.292 | 42°41.234 111°34.304 | 42°41.235 111°34.314
15 42°41.241 111°34.270 { 42°41.242 111°34.282 | 42°41.242 111°34.293 | 42°41.243 111°34.303 | 42°41.242 111°34.314
16 42°41.250 111°34.269 | 42°41.249 111°34.280|42°41.252 111°34.290 | 42°41.254 111°34.301 | 42°41.253 111°34.313
17 42°41.258 111°34.269 | 42°41.260 111°34.277 [ 42°41.259 111°34.292 | 42°41.261 111°34.304 | 42°41.260 111°34.315
18 42°41.265 111°34.270 ( 42°41.264 111°34.282 | 42°41.267 111°34.292 |42°41.268 111°34.303 | 42°41.269 111°34.314
19 42°41.276 111°34.270 | 42°41.276 111°34.278 | 42°41.275 111°34.292 | 42°41.276 111°34.302 | 42°41.276 111°34.313
20 42°41.283 111°34.268 [ 42°41.284 111°34.280 | 42°41.284 111°34.290 | 42°41.284 111°34.300(42°41.285 111°34.311
21 42°41.291 111°34.266}42°41.291 111°34.277 | 42°41.293 111°34.290 | 42°41.292 111°34.299 | 42°41.293 111°34.309
22 42°41.299 111°34.266 | 42°41.299 111°34.277 | 42°41.301 111°34.287 | 42°41.302 111°34.298 | 42°41.303 111°34.309
23 42°41.307 111°34.265 {42°41.307 111°34.276(42°41.311 111°34.286 { 42°41.311 111°34.296 | 42°41.308 111°34.311
24 42°41.317 111°34.276 | 42°41.317 111°34.276 | 42°41.318 111°34.286 | 42°41.318 111°34.297 | 42°41.318 111°34.309
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TABLQ—S

Appe. A - Draft Remedy Evaluation TRONOX Soda Spr’ Idaho

CALCINE CAP POINTS (cont.)

Point 16 Point 17 Point 18 Point 19 Point 20

Line Latitude Longitude | Latitude Longitude | latitude Longitude | Latitude Longitude | Latitude Longitude
1
2
3
4 42°41.143 111°34.331 | 42°41.143 111°34.340 | 42°41.142 111°34.349 | 42°41.142 111°34.359 | 42°41.141 111°34.370
5 42°41.149 111°34.330 | 42°41.151 111°34.340 | 42°41.150 111°34.351 | 42°41.148 111°34.362 | 42°41.148 111°34.374
6 42°41.154 111°34.329 | 42°41.155 111°34.340{42°41.154 111°34.362 | 42°41.154 111°34.362 | 42°41.153 111°34.373
7 42°41.164 111°34.328 | 42°41.163 111°34.340 | 42°41.164 111°34.351{42°41.162 111°34.362 | 42°41.163 111°34.373
8 42°41.177 111°34.327 1 42°41.177 111°34.337 | 42°41.176 111°34.350 | 42°41.177 111°34.362 | 42°41.175 111°34.273
9 42°41.190 111°34.328 [ 42°41.191 111°34.339| 42°41.191 111°34.350 ( 42°41.191 111°34.361 | 42°41.192 111°34.372
10 42°41.201 111°34.327 {42°41.202 111°34.337 | 42°41.203 111°34.351 | 42°41.204 111°34.360 | 42°41.204 111°34.369
11 42°41.210 111°34.327 | 42°41.211 111°34.337 | 42°41.212 111°34.349{42°41.213 111°34.361 | 42°41.214 111°34.369
12 42°41.224 111°34.326|42°41.223 111°34.337 [ 42°41.223 111°34.345 | 42°41.221 111°34.357 | 42°41.221 111°34.369
13 42°41.226 111°34.316 | 42°41.227 111°34.337 | 42°41.227 111°34.350 [ 42°41.227 111°34.361 | 42°41.228 111°34.370
14 42°41.235 111°34.325[42°41.235 111°34.335{42°41.236 111°34.346 | 42°41.236 111°34.357 | 42°41.237 111°34.371
15 42°41.244 111°34.325|42°41.243 111°34.336 | 42°41.245 111°34.347 | 42°41.246 111°34.357 | 42°41.245 111°34.368
16 42°41.253 111°34.325 | 42°41.256 111°34.336 | 42°41.255 111°34.346 | 42°41.255 111°34.357 | 42°41.258 111°34.384
17 42°41.261 111°34.326 | 42°41.261 111°34.336 | 42°41.261 111°34.348 | 42°41.262 111°34.357 | 42°41.264 111°34.370
18 42°41.269 111°34.326 | 42°41.271 111°34.334 | 42°41.273 111°34.345 { 42°41.272 111°34.357 | 42°41.272 111°34.357
19 42°41.277 111°34.324 | 42°41.277 111°34.334 | 42°41.278 111°34.345 | 42°41.278 111°34.356 | 42°41.278 111°34.367
20 42°41.286 111°34.324 |1 42°41.286 111°34.33542°41.288 111°34.345|42°41.288 111°34.355|42°41.290 111°34.367
21 42°41.293 111°34.321142°41.293 111°34.332{42°41.295 111°34.343 | 42°41.297 111°34.355 | 42°41.297 111°34.367
22 42°41.303 111°34.31942°41.303 111°34.330|42°41.305 111°34.342 |42°41.304 111°34.353
23 42°41.311 111°34.319
24

Page 4 of 5




Appe. A - Draft Remedy Evaluation

TABLQ'S

CALCINE CAP POINTS (cont.)

TRONOX Soda Spri'daho

Point 21 Point 22 Point 23 Point 24 Point 25
Line Latitude Longitude | Latitude Longitude | Latitude Longitude | Latitude Longitude | Latitude Longitude
1
2
3
4 42°41.141 111°34.385|42°41.139 111°34.396
5 42°41.146 111°34.305 | 42°41.145 111°34.397
6 42°41,152 111°34.388 | 42°41.152 111°34.396
7 42°41.163 111°34.38942°41.163 111°34.395
8 42°41.176 111°34.383 [ 42°41.176 111°34.395
9 42°41.193 111°34.384 | 42°41.193 111°34.394
10 42°41.202 111°34.3791{42°41.206 111°34.392
11 42°41.214 111°34.380{42°41.214 111°34.391
12 42°41.225 111°34.382(42°41.223 111°34.391
i3 42°41.229 111°34.381 | 42°41.230 111°34.393
14 42°41.237 111°34.381 | 42°41.237 111°34.392
15 42°41.246 111°34.380|42°41.247 111°34.390 | 42°41.247 111°34.403
16 42°41.258 111°34.384 | 42°41.257 111°34.392 | 42°41.257 111°34.402
17 42°41.264 111°34.380 | 42°41.265 111°34.394 | 42°41.285 111°34.402
18 42°41.274 111°34.379 [ 42°41.274 111°34.391 | 42°41.275 111°34.402
19 42°41.280 111°34.378 }42°41.281 111°34.390 | 42°41.280 111°34.402
20 42°41.290 111°34.381 142°41.290 111°34.390|42°41.292 111°34.402
21 42°41.298 111°34.377
22
23
24
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TRONOX Soda Sprin.iaho

Appe‘A - Draft Remedy Evaluation @
TAB -6
MAP POND POINTS
Point 1 Point 2 Point 3 Point 4
Line Latitude Longitude | Latitude Longitude | Latitude Longitude | Latitude Longitude
1 42°41.273 111°34.527 | 42°41.276 111°34.537 | 42°41.274 111°34.550 | 42°41.274 111°34.560
2 42°41.279 111°34.528 | 42°41.281 111°34.540 | 42°41.281 111°34.551|42°41.282 111°34.560
3 42°41.287 111°34.525 | 42°41.291 111°34.536 | 42°41.287 111°34.548 | 42°41.290 111°34.557
4 42°41.296 111°34.525(42°41.296 111°34.536|42°41.296 111°34.545]42°41.295 111°34.558
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FORMER PLANT SITE POINTS

Line

Point 1

Point 2

Point 3

Point 4

Point 5

Point 6

Latitude

Longitude

Latitude

Longitude

Latitude

Longitude

Latitude

Longitude

Latitude

Longitude

Latitude Longitude

(S BN R VO S

42°41.198
42°41.204
42°41.211
42°41.220
42°41.228

111°34.505
111°34.504
111°34.503
111°34.504
111°34.504

42°41.199
42°41.203
42°41.212
42°41.219
42°41.229

111°34.494
111°34.492
111°34.484
111°34.492
111°34.489

42°41.199
42°41.206
42°41.212
42°41.218
42°41.227

111°34.482
111°34.483
111°34.480
111°34.479
111°34.474

42°41.198
42°41.205
42°41.212
42°41.220
42°41.227

111°34.469
111°34.472
111°34.473
111°34.469
111°34.470

42°41.198
42°41.206
42°41.212
42°41.220
42°41.226

111°34.458
111°34.464
111°34.461
111°34.458
111°34.458

42°41.198 111°34.449
42°41.206 111°34.451
42°41.212 111°34.448
42°41.220 111°34.446
42°41.228 111°34.450
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S-X POND
PHOTO LOG

Photo 2: Lat: 42°41.119 Long: 111°34.715
Low area, no vegetation, possible standing water. Photo taken from the east.

Photo 3: Lat: 42°4. 124 Long: 111°34.719
No vegetation with possible standing water. Photo taken from the south.
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S-X POND
HOTQ LG

'

Photo 4: Lat: 42°41.122 Long: 111°34.704
Low area, no vegetation. Photo taken from the south.

Photo 5: Lat: 42°41.122 Long: 111°34.694
Area with no vegetation. Photo taken from the southeast.
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S-X POND
PHOTO LOG

Photo 6: Lat: 42°41.125 Long: 111°34.696
Four areas of no vegetation. Photo taken from the southeast.

Photo 7: Lat: 42°41.130 Long: 111°34.713

Low areas with no vegetation. Photo taken from the southeast.
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S-X POND
= PHOTO LOG

Photo 8: Lat: 42°41.129 Long: 111°34.713
Area with no vegetation, possible water accumulation. Photo taken from the north.

Photo 9: Lat: 42°41.141 Long: 111°34.698
Area of no vegetation with possible standing water drains to NW. Taken from SE.
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S-X POND

Photo 10: Lat: 42°41.138 Long: 111°34.146

Photo 11: Lat: 42°41.147 Long: 111°34.702
Photo taken from east low area runs NW, SE.
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S-X POND
PHOTO LOG

Photo 12: Lat: 42°41.147 Long:111°34.711
Low area with no vegetation. Photo taken from the east.

Photo 13: Lat: 42°41.146 Long: 111°34.715
Low area with water accumulation, drainage to the NW. Photo taken from the east.
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S-X POND
PHOTO LOG

Photo 14: Lat: 42°41.154 Long: 111°34.60
Large bare area. Calcine exposed inrills. Photo taken from the south.

Photo 15: Lat: 42°41.154 Long: 111°34.700
Bare area, photo taken from the south.
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S-X POND
PHOTO LOG

Photo 16: Lat: 42°41.151 Long: 111°34.706
Low area with no vegetation. Photo taken from southeast.

Photo 17: Lat: 42°41.151 Long: 111°34.719
Bare area running SE-NW. Photo taken from southeast.
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S-X POND
PHOTO LOG

<larwsiin S

Photo 18: Lat: 42°41.159 Long: 111°34.719
Bare area connected to Photo 17. Photo from northeast.

Photo 19: Lat: 42°41.161 Long: 111°34.720
Bare area, photo taken from the southeast.
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S-X POND
PHOTO LOG

Photo 20: Lat: 42°41.161 Long: 111°34.754
Bare area running N-S. Photo taken from the south.

Photo 21: Lat: 42°41.171 Long: 111°34.718
Bare area running N-S. Photo taken from the south.
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S-X POND
PHOTO LOG

Photo 22: Lat: 42°41.169 Long: 111°34.718 (south end)
Bare area, photo taken from south.

Photo 23: Lat: 42°41.169 Long: 111°34.687
Bare area running N-S. Photo taken from the south.
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S-X POND
ERELE6

Photo 24: Lat: 42°41.177 Long: 111°34.687
Exposed calcine. Photo taken from the east.

Photo 25: Lat: 42°41.176 Long: 111°34711
Bare area, photo taken from the northeast.
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S-X POND
PHOTO LOG

Photo 26: Lat: 42°41.177 Long: 111°34.728
Bare area, possible water accumulation, photo taken from north/northwest.

Phot027:ﬂ Lat: 42°41.188 Long: 111°34.750
N-S bare area, photo taken from the south.
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S-X POND
PHOTO LOG

PO —— e N RO T S SRR T — %
i ey T A S S SR S oy o

Photo 28: Lat: 42°41.190 Long: 111°34.719
Bare area. Photo taken from the south.

Photo 29: Lat: 42°41.193 Long: 111°34.695
Exposed calcine, photo taken from the west.
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S-X POND
_EHOTOEES

"

Photo 30: Lat: 42°41.199 Long: 111°34.686
Bare area with ant hill. Photo taken from the north.

Photo 31: Lat: 42°41. 206 Long: 111°.48 |
Bare area, photo taken from the north.
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S-X POND
PHOTO LOG

Photo 32: Lat: 42°41.207 Long:111°34.697
Bare spot at east edge of pond, photo taken from the south.

Photo 33: Lat: 42°41.219 Long: 111°34.694
Bare area with calcine just above pond’s east edge. Photo taken from the south.
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S-X POND
& - PHOTO LOG

1-,, "

¥ ’%“"W e M‘q‘lﬂ.‘-\_‘
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Photo 34: Lat: 42°41.224 Long: 111°34.694
Bare area with exposed calcine. Photo taken from the south.

Photo 35: Lat: 42°41.234 Long: 111°34.699
Bare area at ponds NE edge. Photo taken from the southeast.
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S-X POND
PHOTO LOG

Photo 37: Lat: 42°41.243 Long: 111°34.714
Bare area at edge of pond. Photo taken from the west.
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S-X POND
FRUZO LG

et . . &z, ",  "y -"“ N
Photo 38: Lat: 42°41.155 Long: 111°34.698
Burrowing animal hole. Photo taken from the west.

Photo 39: Lat: 42°41.229 Long: 111°34.715
Bare area, photo taken from the west.
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S-X POND
PHOTO LOG

.

Photo 40: Lat: 42°41.143 Long: 111°34.734
Burrowing animal hole. Photo taken from the north.

Photo 41: Lat: 42°41.216 Long: 111°34.740
Burrowing animal hole. Photo taken from the west.
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SCRUBBER POND
PHOTO LOG

Photo 1: Lat: 42°41.130 Long: 111°34.408
Drain from west side calcine photo taken from south.

Phot 2: Lat: 42°41.130 Long: 111°34.408
Drain from west side of cap, photo taken from the west.

Page 10f9




SCRUBBER POND
PHOTO LOG

Phoo at: 42°41.127 Long: 111°34.408
Bare area, photo taken from the south.

T Gy ot [
Photo 4: Lat: 42°41.131 Long: 111°34.392
Large bare area, photo taken from the west.
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SCRUBBER POND
PHOTO LOG

Photo 5: Lat: 42°41.123 Long: 111°34.396
Bare area, photo taken from the west.

Photo 6: Lat: 42°41.130 Long: 111°34.377
Bare area, evidence of water accumulation, photo taken from the northwest.
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SCRUBBER POND
PHOTO

" Photo 7: Lat: 42°41.123 Long: 111°34.389
Bare area connected to area in photo 6. Taken from the west.

£ P PSR IRE s RS T
Photo 8: Lat: 42°41.131 Long: 111°34.377
Evidence of standing water, drain to infiltration basin. Photo from NW.
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SCRUBBER POND
PHOTO LOG

Photo 9: Lat: 42°41.104 Long: 111°34.361
Infiltration basin. Photo taken from the north.

Photo 10: Lat: 42°41.15 Long: 111°34.35
Large bare area, photo taken from the northeast.

2
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SCRUBBER POND
PHOTO LOG

Photo 11: Lat: 42°41.153 Long: 111°34.356
Large bare area, photo taken from the northeast.

Photo 12: Lat: 42°41.108 Long: 111°34.356
Pond drain into basin. Photo taken from the north.
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SCRUBBER POND
PHOTO LOG

jfey .

Photo 13: Lat: 42°41.126 Long: 111°34.339
Bare area eastern side of pond. Photo taken from the west.

i~

Photo 14: Lat: 42°41.120 Long: 111°34.337
Bare area, photo taken from the west.
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SCRUBBER POND
PREHOLO

Photo 15: Lat: 42°41.114 Long: 111°34.370
Bare area, photo taken from the east.

i

-

Photo 16: Lat: 42°41.120 Long: 111°34.292
Crusted limestone (old road?) photo taken from the west.
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SCRUBBER POND
PHOTO LOG

Photo 17: Lat: 42°41.106 Long: 111°34.306
Erosional rill along south edge of high area. Photo taken from the east.

Photo 18. East half of cover.
Volunteer sagebrush.
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LIMESTONE SETTLING POND
PHOTO LOG

_—
b 4

Photo 1: Lat: 42°41.133 Long: 111°34.649 |
Erosional rill, photo taken from the west.

e o

Photo: 2 Lat: 42°41.139 Long: 111°34.649
Burrowing animal holes. Photo taken from the west.
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LIMESTONE SETTLING POND
PHOTO LOG

P " oo ”
"m&a—m—m

Phot : Lat: 42°41.131 Long: 111°34.639
Bare spot, photo taken from the south.

S o
- g

s i G5, e i
Photo 4: Lat: 42°41.146 Long: 111°43.616
Surface runoff, photo taken from the west.
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LIMESTONE SETTLING POND
PHOTO LOG

N
~

2

Photo 5: Lat 42°41.163 Long: 111°34.601
West edge of cattails, photo taken from the west.

Photo 6: Lat: 42°41.156 Long: 111°34.604
Deep taproot plant, photo taken from the west.
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LIMESTONE SETTLING POND
PHOTO LOG

Photo 7: Lat: 42°41.162 Long: 111°34.591
Bare area, photo taken from the north.

Photo 8: Lat: 42°41.146 Long: 111°34.583
Bare area. Photo taken from the west.
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LIMESTONE SETTLING POND
PEOIRLOC

[ :

Photo 9: Lat: 42°41.146 Long: 111°34.583
Animal hole. Photo taken from the east.

Photo 10: Lat: 42°41.162 Long: 111°34.570
Large bare area with calcine staining. Photo taken from the east.
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LIMESTONE SETTLING POND
PHOTO LOG

E R
AL R i —
¥ N { \ . i

"~ Photo 11: Lat: 42°41.162 Long: 111°34.570
Drainage ditch at the east end of the fenced area. Photo taken from the northeast.

oto 12: Lat: 42°41.130 Long: 111°34.572
Access road, photo taken from the west.
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LIMESTONE SETTLING POND
PHOTO LOG

Photo 13: Lat: 42°41.1.39 Long: 111°34.560
Edge of large bare area, photo taken from the west.

Phto 14: Lat: 42°41.161 Long: 11134.558
Large bare area, photo taken from the east.
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LIMESTONE SETTLING POND
PHOTO LOG

e & 5
"“,' >
’

- Photo 1: Lat:

2°41.146 Long: 111°34.548
Small pond near east fence. Photo taken from the south.

Photo 16: Lat: 42°41.146 Long: 111°34.548
Bare area north of small pond. Photo taken from the southeast.
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LIMESTONE SETTLING POND
PHOTO LOG

Photo 17: Lat: 42°41.147 Long: 111°34.545
Animal hole on the east side of small pond. Photo taken from the north.

Photo 18: Lat: 42°41.131 Long: 111°34.537
Drainage along south fence. Photo taken from the east.
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LIMESTONE SETTLING POND
PHOTO LOG

s

" Photo 19: Lat: 42°41.140 Long: 111°34.543 (center)
Bare area with calcine staining. Photo taken from the south.
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ON-SITE LANDFILL
PHOTO LOG

.......

Photo 1: Bare area along outh fene |
Photo taken from the west.

- o ¢

RN i O SR N s RN ;
Photo 2: Lat: 42°41.335 Long: 111° 34.525
Burrowing animal hole. Photo taken from the west.

: \’?-\ A2

Page 1 0of 6



ON-SITE LANDFILL

Photo 3: Lat: 42°41.335 Long: 111°34.525
Burrowing animal hole. Photo taken from the west.

Photo 4: Lat: 42°41.335 Long: 111°34.520
Burrowing animal hole. Photo from the south.
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ON-SITE LANDFILL

: NN TR RS TN RARY e Si AR A
Photo 5: Lat: 42°41.361 Long: 111°34.524 (outside of landfill boundaries)
Area of dead vegetation. Photo taken from the west.

Photo 6: Bw hol der fence.
Picture from the east.
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ON-SITE LANDFILL

/ 7K ¥ ":f:—"_" T‘ ("' Sl L2 "ﬁ“» :
Photo 7: Lat: 42° 41.344 Long: 111° 34.482
Evidence of burrowing animals. Photo taken from the north.

-

Photo 8: Lat: 42°41.375 Long: 111°34.523
Clear area with sparse vegetation. Photo taken from the west.
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ON-SITE LANDFILL
5 01R8]

\ : R .' il S RS L //, pro s
Photo 9: Lat: 42°41.382 Long: 111°34.475
Big burrowing animal hole outside of landfill footprint.

Photo 10: Lat: 42°41.392 Long: 111°34.489
Unidentified deep taproot plant outside of landfill footprint. Photo taken from the north.
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ON-SITE LANDFILL
D A
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Photo 11: Lat: 42°41.392 Long: 111°34.489
Clump of alfalfa near north fence. Photo taken from the south.

Photo 12: Lat: 42°41.372 Long: 111°34.523
Clump of alfalfa outside of landfill footprint. Photo taken from the west.
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Photo 1: Lat: 42°41.121 Long: 111°34.167
. Animal digging under the fence. Photo taken from the north.
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Photo 2: Lat: 42°41.120 Long: 111°34.211
‘ Tumbleweeds, photo taken from the west.
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“Photo 3: Lat: 42°41.118 Long: 111°34. 222
Thistles, photo taken from the east.

Photo 4: Lat 42°41 927 Long 111°34 277
Possible deep taproot plant. Photo taken from the north.
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Photo 5: Lat: 42°41.125 Long: 111°34.265
Burrowing animal hole, photo taken from the north.

* Photo 6: Lat: 42°41.128 Long: 111°34.248
Erosion rill, photo taken from the south.

Page 3 of 11




CALCINE CAP
'PHOTO LOG

Photo 7: Lat: 42°41.127 Long: 111°34.240
Erosion rill, photo taken from the south.

Photo 8: Lat: 42°41. 126 Long: 111°34.200
Sagebrush, photo taken from the east.
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Photo 9: Lat: 42°41.138 Long: 111°34.167
Alfalfa, photo taken from the east.

Photo 10: Lat: 42°41.137 Long: 111°34.217
Animal hole, photo taken from the north.

Page 5 of 11



CALCINE CAP
PHOTO LOG

Photo 11: Lat: 42°41.138 Long: 111°34.295
Animal hole, photo taken from the northwest.
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Phoo 12: Lat: 42°41.143 Long: 11 1°34.175
Sagebrush, photo taken from the east.
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Photo 13: Lat: 42°41.154 Long: 111°34.171
Animal holes, photo taken from the east.
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Photo 14: Lat: 42°41.155 Long: 111°34.355
Erosion rill, photo taken from the north.
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Photo 15: Lat: 42°41.203 Long: 111°34.195
Animal hole, photo taken from the southeast.

" Photo 16: Lat: 42°41.214 Long: 111°34.232
Animal hole, photo taken form the northwest.
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Photo 17: Lat: 42°41.226 Long: 111°34.357
Animal hole, photo taken from the north.

Photo 18: Lat: 42°41.245 Long: 111°34.219
Animal hole, photo taken from the southwest.
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Photo 19: Lat: 42°41.272 Long: 111°34.225
Canadian thistle, photo taken from the southeast.
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Photo 20: Lat: 42°41.290 Long: 111°34.381
Alfalfa.
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North infiltration basin.
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FORMER VANADIUM PLANT
PHOTO LOG

Photo 1: West side of old plant.
Old concrete floors exposed, photo taken from the southwest.

-

Phto z Suth sid of plant. o
Old concrete floors exposed, photo from the south.
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FORMER VANADIUM PLANT
PHOTO LOG

Photo 3: Lat: 42° 41.199’ Long: 111° 34.482
Exposed concrete. Old S-X Floor.

Photo 4: Former plant site from the south.
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Photo 5: Lat: 42° 41.198' Long: 111° 34.469'
Water accumulation area. Photo taken from the south.

Photo 6: Lat: 42° 41.212' Long: 111° 34.484
Wet area near old leach area. Photo taken from the south.
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Photo 7: Lat: 42° 41.212° Long: 111° 34.448
Water accumulation area. Photo taken from the south.

Photo 8: at: 42° 41.219’ Lon: 111° 34.492’
Water accumulation area. Photo taken from the north.
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Photo 10: Area of coarser material on surface. |
Photo taken from the northwest.
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Photo 5: Lat: 42°1 .287 Long: 111°34.544
Bare area, photo taken from the northwest.

- Lat: 42°41.296 Long: 111°34.525
Storm water run on to pond area, photo taken from the west.
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Photo 7: Lat: 4°41.295 Long: 111°34.558
Bare area and storm water run on. Photo taken from the west.
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EXECUTIVE SUMMARY

Long-term monitoring optimization (LTMO) was performed on data from the Tronox facility,
formerly the Kerr-McGee Superfund Site, in Soda Springs, Idaho. The U.S. Environmental
Protection Agency (EPA) recommended LTMO after conducting the second five-year review of
site progress. LTMO was used to evaluate the adequacy of the monitoring network in
characterizing migration of chemicals of concern (COCs).

The Monitoring and Remediation Optimization System (MAROS) geostatistical software
program was selected for data analysis. The MAROS program applies heuristically-derived rules
based on trend analysis results and site information to determine the current status of the
groundwater plume and utilizes rigorous statistical methods (i.e. Delaunay Triangulation and
Cost Effective Sampling) to provide recommendations on the adequacy of the number of wells,
sampling frequency, and well density.

To prepare for the evaluation the existing long-term monitoring (LTM) program was
documented, the groundwater modeling for the site remedial investigation was critically
reviewed, and the conceptual site model was updated to reflect current understanding of site
hydrogeologic conditions and transport processes. This preparation was critical in defining and
justifying hydrogeologic input parameters and physical site parameters used in the program. The
details and dynamics of the complex hydrogeologic system and contaminant transport processes
had to be simplified to accommodate the two- and three-dimensional statistical and analytical
calculations. The two main COCs at the site, molybdenum and vanadium, were used to represent
contaminant trends in the evaluation.

Results from the plume analysis and spatial moment analysis indicate that both molybdenum and
vanadium plumes have decreased since LSE was completed in 1997, with some wells reaching a
flat slope showing no trend or even a slightly increasing trend. Analyses illustrated that
molybdenum and vanadium have different reactions and migration patterns in the subsurface.
The optimization of sampling location and frequency concluded that all sampling locations are
valid, although sampling frequency could possibly be reduced in select wells. The MAROS data
sufficiency analysis of cleanup by well and site confirmed that cleanup has not been attained and
may take several years to achieve.

In conclusion, the numerical and statistical evaluation of the LTMO program at Tronox was
advantageous in establishing guidelines and techniques that can be used in the future. Although
a possible reduction in the frequency of sampling select wells was suggested, implementation of
this reduction is not practical at the current time. The combination of the statistical approach
with professional judgment provides confidence in the direction of continued LTM as a remedy
for COCs in groundwater. The LTMO process should be applied to site data periodically to look
for potential reductions in scope and cost of the existing program while maintaining quality and
effectiveness. No changes to the sampling program are recommended at this time.
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LONG-TERM MONITORING OPTIMIZATION REPORT
FOR THE
KERR-Mc¢GEE CHEMICAL CORPORATION
SUPERFUND SITE, TRONOX FACILITY
SODA SPRINGS, IDAHO

1.0 Introduction

Long-term monitoring (LTM) at the Tronox facility is an integral part of the site remedy that was
instituted in 1997 and is used to both document changes in concentrations of chemicals of
concern (COCs) in groundwater and demonstrate progress toward achieving clean-up goals. The
EPA completed a 10-year review of the site in September 2007 and requested an evaluation of
the LTM program as part of the overall remedy evaluation (EPA, 2008). The EPA recommended
the use of LTM optimization (LTMO) to evaluate the adequacy of the monitoring network in
characterizing migration of COCs and suggested the Monitoring and Remediation Optimization
System (MAROS) geostatistical software as a tool for the analysis.

The MAROS program (GSI, 2008) was used in assessing spatial and temporal trends in the
groundwater analytical data and examining the effectiveness of the current network of
monitoring wells. The program evaluation followed guidance for long-term monitoring
optimization (LTMO) provided by the Air Force Center for Environmental Excellence (AFCEE)
in the MAROS Software User’s Guide (AFCEE 2006a) and accompanying publication (AFCEE
2006b), as well as the EPA Roadmap to LTMO (EPA 2005).

This report includes a review of basic site information including site conditions and the status of
the monitoring program, an overview of the hydrogeologic setting and COC trends, a review of
groundwater model transport simulations made prior to the execution of the remedy, and a
discussion of the conceptual site model (CSM). This information provides the justification for
application of the software’ and rationale for the selection of input parameters used in the
MAROS program. A discussion of the optimization approach and results of the geostatistical
assessment of the existing LTM program are presented with recommendations for future program
monitoring.

2.0 Site Conditions and Monitoring Program

The Tronox site (formerly known as the Kerr-McGee Chemical Corporation site) was
constructed in 1963 and began production of vanadium in March 1964. A number of solid and
liquid waste impoundments were generated during the time of operation, which continued
through January 1999 when the plant was shut down. The site was placed on the National
Priorities List, while it was in operation in 1989. The Remedial Investigation (RI) was
completed in 1995 and the Feasibility Study (FS) for the entire site was completed in 1996. A
supplemental FS for the calcine capping was completed in 2000. Remedial actions for the site
remedy were conducted between 1997 and August 2001, followed by LTM.
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The RI report (Dames & Moore, 1995a) identified three unlined ponds (S-X pond, scrubber
pond, and calcine pond) as the predominant sources of contaminant-bearing seepage observed in
groundwater beneath the facility. Total seepage from the ponds was estimated to be about 300 to
350 gallons per minute. Natural leaching of the solid sources was considered to have much
smaller impact.

The 80-acre area containing the former plant and waste impoundments is referred to as the plant
facility or the on-site area. The plant facility lies within the north-central portion of the Tronox
property boundary. Features outside of the plant facility are referred to as off-site, even though
they may be on Tronox property. Since plant closure, a landfill was constructed outside the
northern edge of the plant facility and a 10-acre pond was created outside the eastern edge of the
plant facility. Both the landfills and 10-acre pond are “off-site” meaning outside the plant facility
area.

Details of the monitoring well network are provided in the recent report by Global
Environmental Technologies (GET, 2008). In summary, the groundwater monitoring network
consists of 14 on-site monitor wells (within the plant facility), 4 off-site monitor wells (south of
the plant facility but within the Tronox property boundary), and 4 springs that are outside the
Tronox property boundary. Nine of the 14 on-site wells have been named point-of-compliance
(POC) wells. The POC wells are located on the southern and western edges of the plant facility.
Water levels and water quality are monitored in on-site and off-site wells and water quality is
monitored in springs on a semi-annual basis, in the spring and fall. The groundwater analytical
database for the site contains semi-annual results for wells and springs collected between October
1995 and May 2008. The database also contains several single sampling events at select
locations and quality assurance duplicate sample results. Limited data from Monsanto and
Evergreen are included in the database.

Six COCs were identified at the site in the RA and include arsenic, manganese, molybdenum,
tributyl phosphate, total petroleum hydrocarbons and vanadium. Field parameters are collected
during sampling and samples are analyzed for the six COCs as well as additional analytes.
Details of the monitoring program are provided in the Groundwater Monitoring Network
Evaluation Report (GET, 2008)

3.0 Hydrogeologic Setting

The following discussion of the hydrogeologic setting is summarized from the RI. The site is
located about 1.5 miles northeast of the City of Soda Springs, within the Bear River Basin, which
is characterized by broad, flat valleys bordered by northwest trending mountain ranges. The
valley where the site is situated is part of the Bear Lake Fault Graben Structure, a long narrow
graben extending from Bear Lake (south of Soda Springs) to the Blackfoot Reservoir (13 miles
north of the site). The facility is located near the center of the valley with the Chesterfield Range
and the Soda Springs Hills to the west and the Aspen Range to the east. The facility is within the
Blackfoot Lava Field which fills the valley between the mountain ranges and is characterized by
irregular surface of numerous cliffs, scarps, collapse structures and fissures.
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Site geology, to a depth of about 230 feet, consists of intermittent alluvial deposits, Quaternary
basalts and interflow zones, and the Tertiary Salt Lake Formation. The alluvium refers to all of
the unconsolidated surficial deposits that overlie bedrock, including alluvium, loess, and
weathered basalt. The underlying basalt consists of five individual basalt flows that range from
20 to 80 feet thick. Interflow zones between the basalt flows are predominantly comprised of
clay with lesser amounts of basalt, gravel, cinder, and organic materials. The basalts and
interflow zones dip gently to the west. The underlying Salt Lake Formation consists of
sandstones, conglomerates, and limestones.

Four north-trending faults transect the geology beneath the site. The faults are interpreted from
seismic data and surficial features (northern trace of the Finch Spring Fault). The faults are
typically downthrown to the west with small (less than 20 feet) displacements.

The shallow groundwater system in the valley consists of groundwater that occurs within the
alluvium (limited areas), the basalt sequences and the basalt interflow zones, and the Salt Lake
Formation. The basalts form the major aquifer for wells in the region with water occurring in
fractures, joints, rubble zones, and inter-layered cinder beds. The Salt Lake Formation is
considered a highly unpredictable source of water supply with variable yield. Recharge to the
shallow system occurs through infiltration of precipitation, leakage from the Blackfoot Reservoir,
and from groundwater originating from the Meade Thrust Aquifer System (originating from the
Aspen Range to the east of the site) and the Chesterfield Range Aquifer System (west of the site).

In general, groundwater flows from the mountain ranges toward the center of the valley, then
southwest toward the Bear River. Springs occur on both sides of the valley. Finch Spring,
Upper and Lower Ledger Springs, and Big Spring are located south of the facility, at distances of
4,000 feet to 2.7 miles south. Big Spring is the most distant sampled spring, located south of the
town of Soda Springs.

All the on-site and off-site wells that form the monitoring network were installed within the
basalts. Thirteen of the 18 wells are designated as shallow wells, completed with 10 feet of
screen across the first occurrence of groundwater noted during drilling (total depths of 45 to 73
feet). Four wells are designated as intermediate-depth wells, completed with 20 feet of screen
extending to total depths of 100 to 173 feet. One well is designated as a deep well, completed
with 20 feet of screen extending to a total depth of 230 feet. The deep well was completed near
the base of the basalt sequence. A production well, PW-10, located near the plant, was drilled to
a total depth of 250 feet, which was interpreted to be within the basalt sequence (cross section F’-
F” of the RI). The Salt Lake Formation was encountered in core hole CH-3 at a depth of 231 feet
below surface.

Changes in depths to groundwater in wells demonstrate cyclic periods of high and low
groundwater levels in response to seasonal changes in recharge. Water levels are typically higher
by about 2 to 3 feet in the spring compared to levels measured in the fall. Longer term cycles are
also apparent with water levels responding to periods of drought lasting several years.
Groundwater levels dropped 5 to 8 feet between 1997 and 2001 and have recovered several feet
between 2004 and 2007 towards the range of levels observed in 1997. Groundwater pumping at

LORI ROBISON AND ASSOCIATES, L.L.C. : PAGE3
Long-Term Monitoring Optimization Report
Kerr-McGee Superfund Site, Tronox Facility, Soda Springs, Idaho




Monsanto has also resulted in apparent long-term water level declines, primarily on the west side
of the site.

The direction and rate of groundwater flow beneath the site is influenced locally by
heterogeneities in hydraulic conductivities within the basalts, with higher conductivities found in
the basalts on the east side of the site. The flow direction is also affected by groundwater
pumping from Monsanto, located west of the property. Instead of flowing south as the regional
aquifer does, groundwater flow in the aquifer beneath the west side of the site is to the west
toward Monsanto’s production wells. A vertical downward gradient is noted on the west side in
off-site wells KM-15 and KM-19. This downward gradient may also be due to the influence of
pumping the lower part of the basalt aquifer at Monsanto’s production wells. Outside the area of
influence of the Monsanto wells, flow is to the southwest and south. Groundwater levels beneath
the east side of the facility have a more southwesterly flow component, consistent with regional
flow patterns. Faults do not appear to be barriers to flow, but may locally increase both vertical
and horizontal hydraulic conductivities.

4.0 COC Trends

COC concentration decay trends are documented through temporal changes observed in the
existing monitoring well network used in conjunction with the Evergreen, Monsanto, and spring
surface water data. Of the six COCs, TBP and TPH are present in very low concentrations on the
site.  Arsenic, manganese, molybdenum and vanadium exceed RBCs in several of the on-site
wells but only molybdenum and vanadium are above the RBCs in off-site wells. Molybdenum is
readily soluble in water and is more mobile than vanadium in groundwater. Molybdenum was
present at the largest concentrations at Finch Spring when monitoring began in 1991. Increased
vanadium concentrations were identified at Finch Spring after 1993.

5.0 Groundwater Model Review

Groundwater modeling was used in a comparative analysis of groundwater remedial action
alternatives as part of the RI/FS (Dames & Moore, 1995b). The goals of the modeling evaluation
were to address the following questions: 1) what magnitude of decrease in the concentrations of
the six COCs would be expected over time when liquid sources were eliminated; and 2) would
the magnitude of the decrease in COC concentrations be significantly increased over time if
liquid source elimination (LSE) was supplemented by groundwater extraction. Answers to these
questions were used to select a remedial action alternative for the site. Several combinations of
groundwater remedial alternatives were evaluated ranging from no action to LSE with multiple
extraction wells. Caveats listed for the model predictions were that the model was calibrated to
within an order of magnitude of observed COC concentrations and should be considered reliable
within that range of values. Even more specifically, a list of what the model was not intended to
do included: evaluate the extent of contamination, simulate specific flow paths, simulate the
exact pattern of flow, or predict the precise future concentrations at specific downgradient
locations.
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Based on the modeling results, the proposed remedial action alternative was LSE with additional
solid source remedial actions including excavation and on-site disposal of S-X and scrubber pond
solids, and reuse/recovery of the calcine tailings. With respect to question 1, the magnitude of
decrease over time for this alternative was predicted to meet and decrease below risk-based
concentrations or maximum contaminant levels within five years (see caveats and limitations
listed above). With respect to question 2, no additional groundwater extraction was required.

A one-layer, two-dimensional model was constructed using the USGS MODFLOW program to
simulate groundwater flow in the shallow aquifer covering an area of about 3.5 square miles
(model domain). The model domain was oriented in the general direction of groundwater flow
(southwest) with the plant facility placed near the center. Chemical transport was simulated
using the MT3D software package integrated with the MODFLOW program. Backward
modeling was used to simulate groundwater flow and contaminant transport between 1963 (plant
startup) and 1995 (predicted date when remedy would be in place). Model output was calibrated
to November 1992 groundwater flow patterns and May 1993 chemical concentrations. The
calibrated model was then used as the basis for simulating a 30-year period of groundwater flow
and transport, referred to as the forward model (between 1995 and 2025), with individual model
runs used to predict changes in concentrations under the varying conditions of the proposed
remedial alternatives..

In the backward model COCs entered the model through 1) recharge from direct seepage from
the ponds, and 2) infiltration of precipitation which leached COCs from solid sources. In the
forward model, for alternatives with LSE, all pond seepage stopped. After LSE, the only source
of COCs assumed in the model was leachate generated when precipitation infiltrated through the
solid sources.

Basic flow model and transport assumptions and limitations included:

e Groundwater movement in the saturated basalts and interflow sequences responded in a
manner similar to one hydrostratigraphic unit that responded similar to unconsolidated
aquifer materials.

e The Salt Lake Formation underling the basalts did not contribute to the groundwater in
the basalts and could be modeled as an impermeable barrier.

e Mixing of seepage from the liquid sources and leachate from the solid sources occurred
immediately through the entire saturated thickness of the aquifer.

e Four Monsanto production wells and one on-site production well (PW-10) were operated
between 1963 and 1995 and were assumed to remain in operation throughout 2025. The
rate of pumping of PW-10 was 350 gpm. The Monsanto wells were pumped at rates of
0.5, 500, 2,000, and 2,080 gpm. The wells were assumed to be fully penetrating in the
shallow aquifer.

e The Hydrologic Evaluation of Landfill Performance (HELP) model was used to predict
infiltration rates. The runoff fraction was set to zero because snowmelt and precipitation
had not been noted to leave the active calcine tailings area in the form of runoff.
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e Process-water and lysimeter-water analytical data were representative of initial
concentrations for pond liquids and solid source leachates. (Some source concentrations
were increased in the model to achieve better calibration.)

e Mass was accumulated in the model by adsorption to the aquifer matrix. Mass left the
model through constant head boundaries and pumping wells.

e A global mass balance approach provided initial estimates of adsorption coefficients
(Kd). (During modeling initial Kd values were slightly adjusted to improve calibration.)

In the discussion of the model in the Comparative Analysis Report (Dames &Moore, 1995),
efforts were made to apply an overall conservative approach by using conservative model
assumptions and conservative input values. Three examples of conservative model input values
that were mentioned included: 1) using a smaller saturated thickness (100 feet instead of 200
feet) to reduce dilution and increase predicted concentrations downgradient, 2) using largest
observed concentrations from a source area as representative of the entire area to increase
predicted concentrations during forward modeling, and 3) using a higher infiltration rate (1
inch/year) to allow for greater mass of COCs to be leached from the solid sources and transported

. to the groundwater. Sensitivity analysis showed that the most sensitive input parameters to the

model were aquifer thickness, infiltration, and solid source leachate concentration.

In 2008, 13 years post modeling, actual groundwater concentrations remain higher than
predicted. Not all wells demonstrate decreasing trends. Changes in timing of remedial events,
remedy options, and site conditions compared with those used in the model all had an effect on
the current conditions. Upon review, some of the modeling input parameters may also have had
a more profound influence on the predicted outcome.

Changes in timing of remedial events and remedy options include:

e LSE with excavation and on-site disposal of S-X and scrubber pond solids was completed
in 1997, 2 years after the 1995 modeling date.

e The reuse/recovery of the calcine tailings was not effective and the FS was modified to
include capping of the calcine tailings in place, which was completed in 2001, 6 years
after the 1995 modeling date.

e The model assumed that the S-X ponds and scrubber ponds would have no infiltration
after closure. The S-X and scrubber ponds did not have impermeable caps and would
have infiltration and leaching after closure. Wells near the former S-X ponds have the
largest concentrations of COC. '

e The infiltration estimate assumed no runoff from the active calcine tailing. The capped
calcine area has snow buildup and run off which is partially diverted to an infiltration
basin, but also ponds near the former scrubber ponds.

¢ Ponded water is present during the spring around the former scrubber pond and on the S-
X pond.

e On site production well PW-10 was no longer used for process water after 2000; limited
pumping occurs in the summer for irrigation of landscaped areas.

e Adsorption coefficients for the metals were estimated at very low values compared to
literature values. Vanadium has a published value of 1,000 ml/g (Table A-1 of the
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Groundwater Modeling Report in the KMCC RIFS), which is also the default valued
used in the MAROS program, compared to 0.16 ml/g used in the model. Molybdenum
has a published range from 0.4 to 4,000 ml/g from one source and a more limited range of
9 to 125 ml/g from other sources (Table A-1 listed above), compared to 0.31 used in the
model. The default in the MAROS program for molybdenum is a Kd of 20 ml/g.
Sensitivity ranges were also very low (0.08 and 0.32 ml/g for vanadium) when evaluated
and the conclusion was made that Kd had low sensitivity in the modeling results.

e The effective porosity of 0.08 used in the model and 0.1 used to estimate the mass of
COC adsorbed to the aquifer is low. By increasing porosity and adsorption, more mass is
present in the model. In the sensitivity analysis only porosity was increased substantially
(to 0.25 or 25 percent) and the result was increased predicted vanadium concentrations
downgradient from the KMCC site at 5 years, but not a noticeable difference at 10, 20, or
30 years. The increase in porosity and not adsorption (less mass) essentially flushed the
vanadium out of the model.

e The forced application of 100 feet for aquifer thickness to calibrate the transport model
could be compensated by increasing porosity, infiltration, and leachate concentration.
The reduction of aquifer thickness to 100 feet was done to achieve better agreement
between predicted and observed/reported COC concentrations in on-site monitor wells
and to match drawdown in Monsanto production wells.

e The Monsanto wells are screened from 190-255 feet, pulling from the bottom of the
basalts. This deep pumping may explain the vertical downward gradient between paired
wells.

6.0 Conceptual Site Models

Figure 1 is an Area Map showing site features referenced in Figures 2 and 3 (Figures located at
the end of the report). Figures 2 and 3 are depictions of the current CSM for the hydrogeologic
setting and COC transport processes. The base map for these two figures is an aerial map of the
site area oriented to the northeast and tilted to the northwest to provide a 3-dimensional
perspective. The surface was cut away at a diagonal, from the northeast corner of the plant (east
of the reclaimed calcine tailings ponds) to the southwest corner of the Tronox property, crossing
Highway 34 and ending at wells TW-11 and TW-12 on the adjacent Monsanto site. Site features
such as the former ponds and plant area are labeled. The subsurface geology forms the third
dimension in the diagrams and was constructed from geologic cross sections provided in the RI.

6.1 CSM rFOR HYDROGEOQLOGIC SETTING

The subsurface geology shown in the CSM for the hydrogeologic setting was simplified from
cross sections in the RI. The cross sections were originally interpreted from logs of borings for
Monsanto wells TW-11 and TW-12 and Tronox wells and core holes KM-15, KM-18, KM-16,
KM-8, PW-10, and CH-1. In the site model, the wells and core holes were placed at their
intersections with the surface map and made to extend vertically to a projected depth of 300 feet.
The wells were interconnected in what is typically referred to as a fence-diagram, where the
surface between wells (fence section) changes direction depending on the spatial orientation of
the section relative to the diagram. For example the section between Wells KM-15 and KM-16
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is oriented southwest to northeast, whereas the section between KM-16 and KM-8 is oriented
more south to north.

The thin, discontinuous layer of alluvium is shown on top where noted in borings. The five
. basalt flows and interflow zones are shown in their relative locations. In general, the basalt flows
dip to the west and are offset by faults. Faults are projected from geologic features and seismic
interpretations as shown on the cross sections. Water level elevation is interpreted from the cross
section and is very general; it does not show variations in groundwater elevations.

The insert in Figure 2 shows the path of water moving in the broken, vesicular and scoriaceous
materials at the tops and bottoms of flow beds, through interbedded sediments and through
vertical joints in the dense basalt flows. Sources of water in the model are from infiltration from
rainfall and snowmelt, pond seepage, and recharge from the aquifer. Water flow paths indicate
horizontal flow with a vertical downward component induced by pumping wells at Monsanto.
Faults are shown as zones of similar or slightly increased flow. The lower Salt Lake Formation
was only detected in one core hole on site (CH-3); for the purpose of the CSM, it is interpreted to
be near KM-16 and KM-8 and to have no interconnection with flow in the basalts.

6.2 CSM FOR COC TRANSPORT PROCESSES

Figure 3 shows a conceptual site model for COC transport processes. The same diagram base is
shown as used in the CSM for the hydrogeologic setting. Stippling patterns show where COC
may be present in the vadose zone beneath former ponds and the main plant site as well as in
groundwater migrating downgradient from the site area. A slightly denser stippled pattern is
shown beneath the former S-X pond, settling ponds, and plant area indicating areas with
continued source leaching.

Contaminant flow paths are illustrated in two inserts in Figure 3. The first insert illustrates the
main physical transport processes of advection, dispersion, and diffusion. The second insert
shows reactions that affect the transport of COCs on a granular level including precipitation,
adsorption, oxidation-reduction, ion exchange, bacterial degradation, complexation and
chelation, colloidal transport, and decay.

7.0 MAROS Optimization Approach

The MAROS methodology assumes that the current sampling network adequately delineates the
plume (bounding wells have non-detect values) and that the vertical and horizontal dimensions of
the plume are characterized. The validity of the results relies on the extent and quality of input
data. The MAROS user’s guide (AFCEE, 2006) recommends that a conceptual site model be
developed prior to the use of the MAROS software to provide more accurate site evaluation
through quality data input. As the CSM evolves with increased knowledge of the site over time,
the optimization can be updated to reflect these changes.

The MAROS optimization approach was used to evaluate the monitoring and remediation of the
two primary COCs: vanadium and molybdenum. Data were compiled from the 13 Tronox
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monitoring wells with shallow completions (KM-1 through KM-9, KM-13, KM-15, KM-16, and
KM-17). Two time periods were evaluated: 1) post LSE to the present - October 1997 through
May 2008; and 2) the past 5 years (9 monitoring events) - May 2004 through May 2008.

The monitoring data from the site is collected and published semi-annually, and is accompanied
by data validation reports. Although data have been collected since 1995, only data collected
after October 1997 are considered representative of post-LSE conditions. Details of the
monitoring data are discussed in the Groundwater Monitoring Network Evaluation (GET, 2008).
The MAROS guide provides data evaluation strategies and statistical techniques to reduce the
probability of making false positive and false negative decisions arising from uncertainty in the
sample data. These evaluations were not performed as part of this study as the Tronox
monitoring data are considered useable with no significant comparability issues, outliers, or data
management problems.

Based on given site details the MAROS program was used to perform a statistical plume
analysis, spatial moment analysis and MAROS analysis. Table 1 provides a list of input
parameters, values, and justification for use in the MAROS program. Values for input
parameters were based on the site characterization from the RI and from values used in the
groundwater model with the exception of porosity and adsorption coefficients. A larger value for
porosity (0.2 compared to 0.08 used in the model) was used to represent flow through broken
basalt and interflow sediments. Similarly, larger values for adsorption coefficients for vanadium
(1000 ml/g compared to 0.16 ml/g) and molybdenum (20 ml/g compared to 0.31 ml/g) were used
as the larger values were default values programmed into MAROS.  Porosity is used in the
calculation of seepage velocity and both porosity and adsorption coefficients are used in the
spatial moment analysis.

Table 7.1 MAROS Input Parameters

... Hydrologic Parameters . - Value |  Units . . Justification
Seepage Velocity (ft/yr) 5475 ft/year Calculated from Ki/n(365days/yr)
Hydraulic Conductivity (K) 150 ft/day RI average value
Gradient (i) 0.02 ft/ft RI average value
Porosity (n) 0.2 -- effective porosity for sand™™

100

SaturatedThickness (200) ft RIi range of thicknesses
Groundwater flow direction SW 240 degrees* Semi-annual monitoring
GW Fluctuations yes - Semi-annual monitoring

e . .€COC. - . | Value. |  units | . . - -
RBC Vanadium ' 0.26 mg/L RI
RBC Molybdenum 0.18 mg/L RI
Kd Vanadium 1000 mi/g MAROS default
Kd Molybdenum A 20 ml/g MAROS default
. ..Plumelnformation . .. |- Value | - Units. | . .. -
Plume Type metals - RI
Current Plume Length 6000 ft Semi-annual monitoring
Maximum Plume Length 6000 ft Semi-annual monitoring
Plume Width 3500 ft Semi-annual monitoring
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Table 7 1 MAROS Input Parameters (contmued)

" 'Sotirce Inform: Value | . Units "
200 ft E/150 feet
Source Location near Well PW-10 N near top of plume/monitoring reps -
Source X-Coordinate 659700 ft Plant Grid
Source Y-Coordinate 372200 ft Plant Grid
Source Treatment LTM - Site Remedy 1997/2001
e w7 Welinformation. * L oiofv T T e o T T
Source Wells KM-1 to KM-9, KM-13, KM-17 | Inside Plant Facility Boundary
Tail Wells KM-15, KM-16, Finch Spring | Outside Plant Facility Boundary
Centemne Wells KM- 8 KM 15 KM- 16 Semi-annual monitoring
T Down-gadlent information .~ | _',?,Value - Unlis B
Distance from Source to Nearest: RN AR A
Downgradient receptor 5300 ft Finch Spring
Downgradient property line 4000 ft property I|ne
Distance from Edge of Tail to Nearest: R R L ;
Downgradient receptor -700 ft Flnch Spnng
Downgradient property line -2000 ft property line

*direction from x-axis (counterclockwise)
**EPA (1996)-BIOSCREEN

7.1 STATISTICAL PLUME ANALYSIS

The statistical plume analysis is an evaluation of plume stability based on concentration changes
over time using the Mann-Kendall test and linear regression analysis. Linear regression is
commonly used to analyze concentration trends over time assuming the data follow a typical
logarithmic decrease, or decay in concentration. However, where there are outliers in the data
(high or low concentrations from a single monitoring event) the estimated slope in the linear
regression can be biased.

The Mann-Kendall test is a non-parametric statistical procedure used to analyze data that do not
follow a normal distribution. The Mann-Kendall statistic (MK(S)) is derived from the
differences in concentrations between consecutive sample results. A positive value (+1) is
assigned if there is an increase in concentration, a zero value (0) if there is no change, and a
negative value (-1) if there is a decrease in concentration. The Mann-Kendall statistic is defined
as the sum of the number of positive differences minus the number of negative differences. The
strength of the trend is proportional to the magnitude of the MK(S). The confidence in the trend
is the statistical probability that the constituent concentration is increasing (S>0) or decreasing
(S<0) and is calculated using a Kendall probability table. A relative concentration trend is
assigned based on the relationship between the Mann-Kendall statistic and the confidence in the
trend. The concentration trend classifications include increasing, probably increasing, no trend,
stable, probably decreasing, and decreasing. The difference between no trend and a stable trend
is based on the coefficient of variation (COV), which is a statistical measure of how the data vary
about the mean value. Values larger than 1 indicate that the data show a greater degree of scatter
about the mean. Values less than 1 indicate that the data form a close group about the mean
value.
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Table 7. 2 MAROS Mann-Kend 11 Analys1s Dec1s1on Matrlx

|
> 95% Increasing
S>0 90-95% Probably Increasing
S>0 <90% No Trend
S=0 <90% and COV =1 No Trend
S=<0 <90% and COV <1 | Stable
S<0 90 - 95% Probably Decreasing
S<0 >95% Decreasing

Linear Regression is a parametric statistical procedure that interprets the log slope of the
regression line that best fits data over time. This approach is used when there is a normal
distribution of the data. The log-slope measures the trend in the data. Positive values indicate an
increase in constituent concentrations over time, whereas negative values indicate a decrease in
concentrations over time. The confidence in the trend is a statistical probability that the
constifuent concentration is increasing (log slope >0) or decreasing (log slope<0). Low levels of
confidence in the fit correspond to “stable” or “no trend” conditions, while higher levels of

‘ confidence indicate the stronger likelihood of an increasing or decreasing trend. The COV is
used to distinguish between stable and no trend conditions for negative slopes.

‘Table 73 MAROS Lmear Re rrressnon Analysns Declsmn Matrlx 7 _ _
| “Log ’ T Confidence T Con?ént;;iidn -
in Tk;nd A R T Trend '
Positive > 95% Increasing
Positive 90-95% Probably Increasing
Positive <90% No Trend
Negative <90% and COV 21 No Trend
Negative <90% and COV <1 Stable
Negative 90 - 95% Probably Decreasing
Negative >95% Decreasing
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7.2 SPATIAL MOMENT ANALYSIS

The spatial moment analysis provides a relative measure of plume stability and condition. The
zeroth, first, and second moments provide measures of mass, center of mass, and the spread of
the plume at each sample event. Data required for this analysis include concentrations, spatial
coordinates, saturated thickness, and porosity.

The zeroth moment shows change in mass over time. The zeroth moment is the sum of
concentrations for all monitoring wells and is an estimate of the total dissolved mass in the
plume. The 3-D zeroth moment is calculated from concentration; porosity; and x, y, z spatial
coordinates. Because the wells are spatially discontinuous (locations do not form an exact grid
pattern), a numerical approximation is used to estimate mass in three dimensions. A numerical
integration is performed by dividing the horizontal plane (x,y) into contiguous triangular regions
with the apex of each triangle defined by a well location (Delaunay Triangulation method). An
approximation of mass is calculated as the sum of the mass in each triangular section, calculated
as the product of the geometric mean concentration of each triangle, volume of the triangle (the
average saturated thickness multiplied by the area of the triangle), and total porosity. The zeroth
moment trend is determined by using the Mann-Kendall Trend Methodology using the Mann-
Kendall Statistic (MK(S)), confidence in trend, and COV. Results for the trend include:
increasing, probably increasing, no trend, stable, probably decreasing, and decreasing. Zeroth
moment calculations can show high variability over time, largely due to fluctuating
concentrations at the most contaminated wells.

The first moment shows changes in center of mass over time in two dimensions. The first
moment estimates the coordinates (x,y) for the center of mass for each sample event. Similar to
the zeroth moment calculation, a numerical approximation is required to evaluate the spatially
discontinuous data. Analysis of the movement of mass is viewed as it relates to 1) the original
source location of contamination and 2) the direction of groundwater flow. Spatial and temporal
trends in the center of mass can indicate spreading or shrinking or transient movement based on
season variation in rainfall or other hydraulic considerations. No appreciable movement or a
neutral trend in the center of mass would indicate plume stability. The first moment trend of the
distance to the center of mass over time is determined by using the Mann-Kendall Trend
Methodology.

The second moment shows spread of the plume over time in two dimensions--spread in the x-
direction and spread in the y-direction (also referred to as the third moment in the MAROS
program). The second moment indicates the distribution of concentrations about the center of
mass, or the distance of contamination from the center of mass for a particular COC and sample
event. The spread of the plume is approximated in terms of an ellipse with the x-axis
representing the major migration direction and the y-axis is the lateral spread. The second
moment analysis uses the representative groundwater direction input into the program. The
second moment trend of the spread of the plume over time is determined by using the Mann-
Kendall Trend Methodology. The MK(S) measures the trend in the data. Positive values
indicate an increase in the spread of the plume over time (expanding plume), whereas negative
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values indicate a decrease in the spread of the plume over time (shrinking plume). The strength
of the trend is proportional to the magnitude of the MK(S).

7.3 MAROS SITE RESULTS ANALYSIS

The preliminary step in the MAROS optimization is a qualitative evaluation based on site
classification, source treatment, and monitoring system category. The second step in MAROS
analysis is a well specific evaluation, discussed in the next section below. In the preliminary
evaluation, overall trend results for both tail and source wells are used to assign monitoring
system categories of extensive (E), moderate (M), and/or limited (L) to the monitoring system.
Categories are assigned using a very simple decision matrix. If tail wells are increasing or
probably increasing the site is assigned an E for extensive monitoring required, regardless of
whether the source is increasing or decreasing. Similarly if there is no trend in the tail wells and
the source has no trend, an increasing trend, or probably increasing trend, the site is assigned an
E for extensive monitoring. If tail wells are decreasing or probably decreasing and source wells
are either stable, probably decreasing or decreasing, the site is assigned an L for limited
monitoring required. Other combinations fall into the system category of moderate monitoring
required as shown on the diagram below.

Tail

PD D

Source

D | ‘ ' E

Diagram 7.1. Decision Matrix for Assigning Monitoring System Categories: Moderate(M);
Extensive(E); Limited (L); Plume Stability: Increasing (I); Probably Increasing (PIU); No Trend (NT); Stable (S);
Probably Decreasing (PD); Decreasing (D)

For frequency, MAROS again uses a simple decision matrix to indicate how often wells at the
site should be sampled for adequate groundwater monitoring. Frequency determinations for sites
with groundwater fluctuations and monitored natural attenuation are assigned sampling
frequencies from quarterly to biennial (2 year interval) based on the monitoring system category
and the time to receptor factor (distance to receptor over seepage velocity).

Table 7.4 Frequency Determination- Groundwater Fluctuations and MNA

Monitoring System Catego
TTIR E M L
Close (TTR<2 yrs) Quarterly Quarterly Biannually
Medium (2<TTR<5 yrs) Quarterly Biannually Biannually
Far (TTR >5 yrs) Biannually Biannually Annually

TTR: time to receptor (distance to receptor divided by seepage velocity)
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For duration, MAROS uses a simple decision matrix to assess when the groundwater monitoring
network should be reassessed for reducing the scope of the system or to stop monitoring
altogether. - This evaluation is not based on statistics but on experience of the authors. The
sampling duration is determined by the Monitoring System Category as well as the length of the
sampling record available. Sites with both deceasing Source and Tail results are suggested to
end the sampling.

Table 7 5 Duratlon Determmatmn for Sltes w1th Monitored Natural Attenuatlon ‘

ource or Tail Trend Cate@ry
LT 2 Tor PLTrends: i NT.orNIA"- PD orDTrends-
Consider reassessment of network |nsuﬁ' cient data
Small (<2 yrs) if concentrations begin to decrease | continue sampling | 6 more years 3 more years
Medium Consider reassessment of network Insufficient data,
(2<TTR<5 yrs) if concentrations begin to decrease | continue sampling | 4 more years 2 more years
Consider reassessment of network | Insufficient data,

Large (>10 yrs) if concentrations begin to decrease | continue sampling | 2 more years 1 more year

For sampling density, MAROS uses an equation based on two large databases of historical plume
data for petroleum based and chlorinated solvent plumes:

Sampling density (number of wells) = 1.5(plumelength)°'4

Where plume length is in feet and the sampling density is the number of wells for he entire
plume. The user is cautioned to consider the well density in light of adequately
defining/characterizing the plume through gathering sufficient site information.

7.4 MAROS SAMPLING OPTIMIZATION ANALYSIS

The MAROS sampling optimization is a rigorous detailed statistical approach to sampling
optimization with modules to optimize sampling location by Delaunay Triangulation, and
sampling frequency by the modified cost-effective sampling (CES) Method or Power Analy51s A
third option for data sufficiency analysis is offered.

7.4.1 Optimizing Sampling Locations

The sampling location analysis determines sampling locations by the Delaunay method,
removing redundant sampling locations from the monitoring network, and/or adding n‘qw
sampling locations. In MAROS, Delaunay triangulation is first used to generate a grid for the
studied site with well sampling locations as its nodes. The triangles are formed by connecting a
well with its two closest neighbors (adjacent wells). A slope factor (SF) is generated for each
triangle based on the concentration gradient estimated from the concentrations in the three wells.
The slope factor is defined as the standardized difference between the concentration measured at
a location and a concentration estimated from concentrations at its nearest neighbors. The
magnitude of SF ranges from 0 to less than 1. A value of zero means that the concentration at a
location can be exactly estimated by its surrounding locations, thus, sampling at this location
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provides no extra information influencing understanding of the plume. The larger the SF value
of a location, the more importance is given to the well location.

To ensure that the elimination of sampling locations from a monitoring network will not cause
significant information loss, two indicators were developed to measure the information loss: the
average concentration ratio (CR) and the Area Ratio (AR). The average concentration ratio is the
average plume concentration estimated after elimination of locations in the current step of
optimization divided by the average plume concentration estimated from the original network
before elimination of any locations. The Area Ratio is the triangulation area based on location
after elimination of location in the current step of optimization divided by the triangulation area
from the original network. The optimization process is iterative; where the process repeats until
significant information loss occurs. The user can determine the threshold levels for the SF and
the area and concentration ratios. The following matrix illustrates the elimination process:

Table 7. 6 Declswn Process of the Elimination of a Location

B Samp mg Locatlon Ellmmatlon Status B

Interpretation . .. | (Perfect estlmatlon) ’ (ngh estlmatlon error)
CR or AR far from 1 Keep Keep

CR—>1 and AR—> 1

less information loss) Eliminate Keep

7.4.2 Well Redundancy Analysis: Delaunay Method

The MAROS program offers options for well redundancy analysis. The user can choose to select
sampling events for analysis. If one sampling event is selected an Excel module with a graphical
interface can be applied. If the access module of the Delaunay method is selected the user can
select whether or not a well should be removed from the analysis. For example, a sentinel well
might be removed since it cannot be eliminated as redundant. The well redundancy module
provides default threshold values for parameters including inside node slope factor (SF), Hull
node slope factor, Area Ratio (AR), and Concentration Ratio (CR). These default values can be
changed. One or more COCs can be used in the analysis. The option to compare across COCs
can identify wells to keep if they are sensitive to one or more COCs.

7.4.3 Well Sufficiency Analysis

Well sufficiency analysis is provided to identify areas where new wells could enhanc<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>